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Eberline Services — Oak Ridge Laboratory

LABORATORY DATA SUPPORT CHECKLIST

MP-001-3

— &
Ebertline Services Work Order # ‘f é‘ ? § @ Q 5

The checklist items listed below are to be initialed by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist Items

whghyl Ko Sample Log-In

W 24( |1 J Data Compilation

S i th AR

First Technicai Data Review

i\\‘lﬁ\“’(‘ M Second Technical Data Review

Q) | Eor Data Entry/Electronic Deliverable

g,le‘z/”« ﬁ-f—- Case Narrative

u/%(/ y{g Electronic Deliverable Proof

Samples!Agalyzed within Holding Time
""1/ 5/ &f 9 Yes? No? |

2 )%/,<|L NS QAT Review

Client in Possession of Data

nfA 5{37’ Electronic. or Hard Coby
Invoiced by Lakoratory

Technical/Clerical Corrections, Signatures Needed, Problems, Etc

Date/Initials

Date package approved by: k

1’97/4/1/}’

Laboratory Manager

Date

Copy No.

Radiochemistry Services

003




SECTION1
CHAIN OF CUSTODY

&
pH CHECK SHEET
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UF! ﬁi
| ssolates, inc. 45

Radiological Hedlth, Safely and Eavironmental Services

14-

95 RECD NOV 18 2014
110

Auxier & Associates, Inc.
9821 Cogdill Road

Suite 1

Knoxville, TN 37932
{423) 675-3669

Pkt CHAIN OF CUSTODY FORM
Project Name: FEE/BRi Project Manager: Beth Jansen
Location; Bridgeton. MO Telephone No.: 865-675-3669
Sample Cus‘;todian: Fax No.: 865-675-3677
DATE OF DATE OF
| SAMPLE IDENTIFICATION COLLECTION SAMPLE DESCRIPTION SAMPLE IDENTIFICATION COLLECTION SAMPLE DESCRIPTION
FEE - 3K\ -~ W
CADWZAZOGL v d  |W-3-14 | Q)cauon wWATER
FEE -\ ~ a0
FADWZA DL\ N-%-d Q) douod  WeTER
Relinquished By: M \..\M&L Received In Good Condition By: K ! c gE Al ]',l"ixav.a_‘3 o |Date: n/1x I |
Method OF Shipment: e Oel : o
Relinquished By: ' Received In Good Condition By: lTime: lDate:
Method Of Shipment:

g:\marsha\forms\COC  08/13/99
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EBERLINE

P‘- SERVICES

Internal
Chain of

Work Qrder #

Lab Deadline

11/24/2014

- Analysis -
Oak Ridge Laboratory CUStOd Y UUISO - Level 4
y Sample Matrix Water
Sample HP 210 / 270 Storage
CO ments Fraction ; Detector Activity Location
04 : 39 01,2
% é
Location {circle one) ¢ Initials | Date
Received by Sample Storage Rough Prep Prep Separations Count Room [( /g///_p [é%
Relinquished by Sample Storage Rough Prep Q\ Separations Count Reom l ’ ,{, Y'K
: g IWIVEH K
i " : -
Received by Sample Storage Rough Prep Prep @ Count Room 2525//%,!/’[?4‘] 10"{;-
~
Relinquished by Sample Starage Rough Prep Prep @D Count Room W//ﬂq 0')/{/0"/ U{‘ﬂ)
Received by Sample Storage Rough Prep Prep Separations /@W) / / / :
12D,
J [P0 Pt = S
Relinquished by Sample Storage Rough Prep Prep Separations o@ \C& ] ' ' i ' L{ r
i i<
Received by San@ Rough Prep Prep Separations Count Room i /
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
‘ . !
Received by Sample Storage Rough Prep Prep Separations Count Room i
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separaiions Count Room :
:
Received by Sample Storage Rough Prep Prep Separations Count Room :
Relinquished by Sample Storage Rough Prep Prap Separations Count Room

06
11/18/2014 3:06 PM

Printed:

e -




Internal

Work Order #

EBERLINE hai Lab Deadline 11/24/2014
SERVICES C a l n O
- Analysis -
Oak Ridge Laboratory Cu StOd Y ThiSO - Level 4
y Sample Matrix Water
i
Sample | HP 210/ 270 Storage
Comments Fraction | Detector Activity Location
04 39 ' 01.2
Locatian {circle one) JInjtials / “Date
Received by Sample Storage Rough Prep Prep Separations Count Room %ﬁ\) ////g//L\L /@
v f -
Relinquished by Sample Storage Rough Prep Separations Count Room ‘J/ !0&{
At
—
Received by Sample Storage Rough Prep Prep @ Count Reom W “'/[CM'{ [M‘;
re :
: s i
Relinquished by Sample Storage Rough Prep Prep Separations Count Room -aM /‘1 f{—g,{/l[{ W
sy
Received by Sample Storage Rough Prep Prep Separations unt Koom % i
Relinquished by Sample Storage Rough Prep Prep Separations ,-@ \w | ' ;
Lrafid s
Received by Sa@ Rough Prep Prep Separations . Count Room g
Relinquished by Sample Sterage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room i
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Reom
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Reough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separalions Count Room

Frinted:

0%y

11/18/2014 3:06 PM




Internal
Chain of
Custody

SERVICES

Oak Ridge Laboratory

Work Order #

Lab Deadline

11/24/2014

Analysis

Ra226 - Level 4

Sample Matrix Water
Comments Fraction | Detector Actiity | Location
04 I/ 01.2
o S
Locaticn (circle one) ~ Zimtials | Date
Received by Rough Prep Prep Separations Count Room
Relinquished by | - Sample Storage Rough Prep Mé;parations Count Room
Recelved by Sample Storage Rough Prep Prep @@ Count Room { ¢
Relinquished by Sample Storage Rough Prep Frep Count Room G
Received by Sample Storage Rough Prep Prep Separations /CW 0% C///‘z‘/
Relinquished by Sample Storage Rough Prep Prep Separations @ w 1\ h)&‘ ™) L\‘{\é?
Received by Sa@@ Rough Prep Prep Separalions Count Room ;
Relinquished by é;;ﬁle Storage Rough Prep Prep Separations Count Room ) o
Receiyed by Sample Storage Rough Prep Prep Separations Count Room :
ml;zlinquishad by Sample Storage Rough Prep Prep Separations commoon | - T
Received by Sample Storage Rough Prep Prep Separalions Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Reom -
Received by Sample Storage Rough Prep Prep Separalions Count Room
Relinquish;;—;:)y Sample Storage Rough Prep Prep Separations Count Room V

e

Printed:

08

11/18/2014 3:06 PM




Inte rnal Work Order # 14-11095
1 EBERLINE . Lab Deadline 112412014
| B e RviCE S Chaln Of

Oak Ridge Laboratory Custod Analysis Ra228 - Level 4

u S O y Sample Matrix Water
|
|
|
| Sample HP 210 / 270 Storage
;’ Comments Fraction Detector Activity Location
| o4 39 01.2
O
! Location (circle one) Initials i|] , Date
D T [
Relinquished by Sample Storage Rough Prep rep ) Separations Count Room “‘v . .D lDQ X [i.q I "-‘ {E,LS—-—J

Received by Sample Slorage Rough Prep Prep Separalions Count Room CLQCD m i \,L] [q l l’%

Count Room Ol}fb w\ i l',Z@i (\{

Received by Sample Storage Rough Prep Prep Separations (@ (7 ’2 ,’/ya C////"z\_’/

>
Relinquished by Sample Sterage Rough Prep Prep Separations @ \C iﬁ Ll ! 'lb'vf, !"J\f?
GEParations Count Room me\ { 'l/'a z H

Count Room C%ﬁ m ) f/ZLF/’ L:Q
Received by Sample Storage Rough Prep Prep Separationi’@f ?? -7/ r N c::/ // /Z L,—

Relinquished by Sample Storage Rough Prep Prep

Received by Sample Storage Rough Prep Prep

Relinquished by Sample Storage Rough Prep Prep

Relinquished by Sample Storage Rough Prep _Frey Separations &mﬂ’ﬁo‘om < (/
> | foro ST (ylge—
Received by Sa ftorage Rough Prep Prep Separations Count Room ;
Relinquished by gample Storage Rough Prep Prep Separations Count Room ;
' Received by Sample Storage Rough Prep Prep Separations Count Room

Relinquished by Sample Storage Rough Prep Prep Separations Count Room

- 909

Printed: 11/18/2014 3:06 PM



| Internal | reores
EBERLINE h . Lab Deadline |, 11/24/2014
SErvicEs Chain o |
. Analysis -
y Sample Matrix Water
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 39 01.2
z —
Location (circle ene) Initials Date
Received b Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prey Separations Count Room {
M Donavee 0% x
Received by Sample Storage Rough Prep Prep Separations Roo /’/ M / :
Relinquished by Sample Storage Rough Prep Prep Separations '@ .
sl (2
Received by San@@ Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sampie Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separalions Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Frep Prep Separations Count Room
Printed: 11/18/2014 3:068 PM




Printed: 11/18/2014 11:16 AM

Page lof 1

Internal Work Order

EBERLINE Sample Receiving Report 14-11095
e e S e RVIGE S {Volumes, pH, & CPM) Received By
KCOULSTON
FR ClientID # Btls Comments Matrix Storage |Rec Vol Ttl| CPM Max
oL} LCS 0 WA 01.2
02 | BLANK 0 WA 01.2
03 | oup J 0 WA 01.2
04 | FEE-BRI-W-FADW29206L &/ 2 01.2 8.00 39
TEContamer Numbar: | " pH Final | S Volume (L) | e CPM A ]
1 iZ 4.0000 36
3 12 4.0000 39

Received by: &M&gﬂ,ﬁ;ﬁ)_— oate: LUK |14

011

MP-001, Rev 5
Effective: 11/22/02
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SAMPLE ACKNOWLEDGEMENT




B Client Name Contract/PQ Project Type Date Received Required Turnaround Days
Feezor Engineering, Inc. BT-026-PO1 | Environmental 11/18/201 4 7
.. ProjectName Client WO Sample Disp Lal Deadline Internal Deadline
FEEBRI FEE/BRI Bridgeton, MO w 1 1 1241201 4

11/25/2014

11/25/2014

14- 110'95

@ - 43 Q Q
Internal 1D Client ID Sample Date | Matrix Sterage § % % % % il
ol | =] 3
01 LCS 11/8/14 WA 01.2 X X| X{ XX 5
02 BLANK 1i/18/14 WA 0L.2 X[ xipXx{x|[Xx 5
03 DUpP 11/18/14 WA Q1.2 X X X| X | X 5
04 FEE-BRI-W-FADW29206L 11/13/14 00:00 | WA 01.2 X | X[ x| X[ X 5
]
1]
[+
0
4
]
q
]
0
0
]
0
[}
0
0
1]
Totals Per Analysis (nonQAsamples) 1001 11 1 1 a0 ol 6 0| a © j o
Invoice Accounts Payable Report Data Dan Feezor
Feezar Engineering, Inc. Feezor Engineering, Inc.
oak Rldge Laboratory 406 East Walnut Street 406 East Walnut Street
@ E BERLINE 601 Scarboro Rd. Chatharm, IL 52629 Chatham, IL 62629
T S ERVICES Qak Ridge, TN 37830
Voics 217-483-3118 Voice  217-483-3118
Sample Log In Report Voice: (865) 481-0683 Fax Fax
Fax: (865) 483-4621 Contact Mike Bollenbacher
Voice 865-675-0379
i Fax 885-675-3677
ok
a0

Printed: 11/18/2014 3:06 PM




© EBERLINE STANDARD OPERATING PROCEDURE MP-001, Rev. 13

SERVICLE S . Effecﬁ\{e: 10/31/13
Sample Receiving Page 13¢f 15

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST
MP-001-2

€Ey
&

SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)

(AQUEOUS )} NON-AQUEOUS

(CIRCLE EITHER YES, NO, OR N/A)
WERE SAMPLES:

Received in good condition? N

N N/A

if aqueous, properly preserved

WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

DRBEE| OB

Z |Zz2l2|Z2 |2

Was chain of custody present upon sample receipt?

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: JAW(’ s tin 7 paTE: 1B /1Y

Copy No. Radiochemistry Services

014
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EBERLINE

EBERLINE ANALYTICAL CORPORATION
601 SCARBORO RoAD

OaK RIDGE, TENNESSEE 37830
SERVICES PHONE {865) LBI-0683
Fax (865) 483-4621

EBS-OR-38233
December 4, 2014

Dan Feezor

Feezor Engineering, Inc.
406 East Walnut Street
Chatham, IL 62629

CASE NARRATIVE
Work Order # 14-11095-OR

SAMPLE RECEIPT

This work order contains one water sample received 11/18/2014. This sample was analyzed for Isotopic
Uranium, Isotopic Thorium, Radium-226/228 and Gross Alpha/Beta.

CLIENT ID LABID
FEE-BRI-W-FADW29206L.  14-11095-04

ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Radium-226 was analyzed using EPA Method 903.0 Modified.
Radium-228 was analyzed using EPA Method 904.0 Modified. Gross Alpha/Beta was analyzed using
EPA Method 900.0.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.

ISOTOPIC URANIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activitics were then determined by alpha spectroscopy
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. Chemical
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranium-232 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Sample demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranjum-238 method blank demonstrated acceptable
results. Results for the Uranium-234, Uranium-235 and Uranium-238 duplicate demonstrated a high
relative percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an
acceptable percent recovery.

Page [ of 3
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC THORIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as
appropriate. Thorium was selectively extracted by jon exchange. Thorium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-232. Chemical
recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Sample demonstrated acceptable results for all Thorium analyses. Chemical recovery was acceptable for
all samples. The Thorium-228, Thorium-230 and Thorium-232 method blank demonstrated acceptable
results. Results for the Thorium-228, Thorium-230 and Thorium-232 duplicate demonstrated an
acceptable relative percent difference and normalized difference. Results for the Thorium-228, Thorium-
230 and Thorium-232 laboratory control sample demonstrated an acceptable percent recovery.

RADIUM-226

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as
appropriate. This was followed by selective sulfate precipitations of the Radium. Sample was then
mounted by semi-micro-precipitations onto micro-porous filters, Sample was counted by alpha
spectroscopy using an energy specific region of interest for Radium-226. Chemical recovery was
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy.

Sample demonstrated acceptable results for all Radium-226 analyses. Chemical recovery was acceptable
for all samples. The Radium-226 method blank demonstrated acceptable results. Results for the Radium-
226 duplicate demonstrated an acceptable relative percent difference and normalized difference. Results
for the Radium-226 laboratory control sample demonstrated an acceptable percent recovery.

RADIUM-228

Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate precipitates were re-
dissolved and time allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth,
Actinium-228 was selectively precipitated. Precipitates were filtered and beta emissions for Actinium-228
were then counted on a gas proportional counter. Chemical recovery was determined by the use of a
Barium-133 tracer, the activity of which was determined by HPGe gamma spectroscopy and an ¢lemental
Yttrium carrier by gravimetric measurements. The product of these two recoveries was used to calculate
chemical yield.

Sample demonstrated acceptable results for all Radium-228 analyses. Chemical recovery was acceptable
for all samples. The Radium-228 method blank demonstrated acceptable results. Results for the Radium-
228 duplicate demonstrated a high relative percent difference; however, normalized difference is within
acceptable limits for the analytical technique. Results for the Radium-228 laboratory control sample
demonstrated an acceptable percent recovery.

GROSS ALPHA & BETA

Sample was prepared by evaporation of a representative volumetric aliquot acidified with HNOs. Reduced
sample was then transferred to a steel planchet for final evaporation to dryness and flaming. Sample was
then counted on a gas proportional counter. Results were corrected as required for inherent self-
absorption based on residual mass present.

Page 2 of 3
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ANALYTICAL RESULTS CONTINUED

GROSS ALPHA & BETA CONTINUED

Sample demonstrated acceptable results for all Gross Alpha and Beta analyses. The Gross Alpha and Beta
method blank demonstrated acceptable results. Results for the Gross Alpha and Beta duplicate
demonstrated an acceptable relative percent difference and normalized difference. Results for the Gross
Alpha and Beta laboratory control sample demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

T certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager o his/her
designee to be accurate as verified by the following signature.

N

M.R. McDougall
Laboratory Manager

Date: 12/4/2014

Eberline Analytical wants and cncourages your feedback regarding our performance providing radioanalytical services. Please
visit http:/www.eberlineservices.com/client.htm to pravide us with feedback on our services.

Page 3 of 3 048
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Printed: 12/4/2014 1:45 PM Page 1 of 2
" ReporfTo: .. | Work Order Details:
Eberline Analytical Dan Feezor SDG: 14-11095
. ] Feezor Engineering, Inc. Purchase Order: BT-026-PO1
Final Report of Analysis 406 East Walnut Street Analysis Category: | ENVIRONMENTAL
Chatham, IL 62629 Sample Matrix: WA
L:[’)b S:_;"p‘ze C'l';"t s"D’;‘t‘:" Rgzzpt A“Daa"t':'s B’I’E‘m Analyte Method Result cu csu MDA oV Report
14-11095-01 | LCS KNOWN 111814 00:00 | 14118/2014] 11/20/2014 ] 14.11085 | Gross Alpha | EPA 900.0 Modified | 2.69E+02 | 1.18E+01 pCil
14-11095-01 | LCS SPIKE TTiBNA 0000 | 4171872044} 11/20/2014 | 14-11085 | Gross Alpha | EPA 9000 Modified | 264E+02 | 3.66E+00 | 2.91E+01 | 2.52E-01 | 484E400 |  pCi
14-11085-02 | MBL BLANK TTABRA 0000 F 1171872014 ] 11/20/2014 | 14-11085 | Gross Alpha | EPA 900.0 Modified { 3.94E-02 | 6.81E-02 | 6.83E-02 | 1456-01 | 474E+00 |  pCil
14-11095-03 | DUP FEE-BRI-W-FADW29206L T34 D000 | 11/18/2014 ] 11/20/2014| 1411086 | Gross Alpha | EPA 900.0 Modified | 3.05E+01 | 7.77E+00 | 846E+00 | 536E+00 | 3.52E401 |  pGif
1411085-04 | DO FEE-BRI-W-FADW29206L 114 0000 | 1111879014 ] 14/20/2014| 14-11095 | Gross Alpha | EPA 900.0 Modified | 3.37E+01 | 8.91E+00 | 9.64E+00 | 7.82E+00 | 3.70E+01 | pCifl
141109501 | LCS KNOWN 11814 00:00 | 1118/2014 ) 11/20/2014 | 14-11085 | GrossBeta | EPA 900.0 Modified | 3.00E+02 | 8.99E+00 pCi
14-11085-01 | LCS SPIKE 117161 0000 4178120141 1112012014 | 1411095 | Gross Beta | EPA 9000 Modified | 2.83E+02 | 3.14E+400 | 3.93E+01 | 5.57E-01 | 188E+00 }  pCil
14-11095-02 | WMBL BLANK 1118714 0000 | 1111812014 | 11/20/2014| 14-11096 | GrossBeta | EPAS00.0 Modfied | 165E-02 | 2.51E-01 | 251E-01 | 5.39E-01 | 179E+400 |  pCi
14-11095-03 | DUP FEE-BRI-W-FADW29206L 1A o000 11182014 ]| 11/20/2014 | 1411085 | Gross Beta | EPA 900.0 Modified | 6.20E+01 | 8.23E+00 | 1.20E+01 | 118E+01 | 3.20E+01 |  pCi
141109504 | DO FEE-BRIW-FADW29206L Tiaa 0000 | 11H8/2014 | 11/20/2014 | 4-11085 | GrossBeta | EPA 900.0 Modified | 6.02E401 | 7.88E+00 | 1.15€+01 | 1.08E+01 | 2.80E+01 |  pCil
141109501 | LCS KNOWN TIHBNA 0000 | 111820141 11/20/20%4| 14-11096 | Radium-226 | EPA903.0 Modified | 9.98E+00 | 4.59E-01 pCif
54-11095-01 | LCS SPIKE T1Ea 0000 | 1174812014 | 11120/2014] 14-11095 | Radium-226 | EPA 9030 Modified | 1.10E+01 | 1.26E+00 | 2.65E+400 | 2.15E-01 | 1.84E-02 |  pCil
14-11095-02 | MBL BLANK e 0000 | 11812014 | 11/20/2014 | 14-11095 | Radium-226 | EPA 903.0 Modiied | 246E-02 | 7.50E-02 | 7.62E-02 | 1.78E-:01 | 7.276-03 | pCi
141109503 | DUP FEE-BRI-W-FADW29206L 7134 0000 T1918/2014| 11/20/2014| 14-11095 | Radium226 | EPA903.0 Modified | 1.80E+00 | 7.50E-01 | 841E-01 | 3.80E-01 | 1.41E-G2 |  pCi
14-11095-04 | DO FEE-BRI-W-FADW29206L T8 0000 T11718/2014] 1172012014 | 14-11095 | Radum-226 | EPA 803.0 Modified | 1.70E+00 | 7.38E-01 | 8.21E-01 | 4.80E-01 | 2.19E-02 | pCif
141108501 | LCS KNOWN TTAEIA 0000 | 11146/2014] 11/24/2014| 1411086 | Radium-228 | EPA 904.0 Modified | 7.38E+00 | 3.762-01 pCil
1411095-01 | LCS SPIKE TT4 00:00 [ 1118/2014] 112472014 14-14095 | Radium-228 | EPA904.0 Modified | 7.82E+00 | 9.59E-01 | 2.01E+00 | 1,38E+00 | 1.13E-01 ; pCHl
14-19095-02 | MBL BLANK TV iar4 00000 | 1111812014 | 11/24/2014| 1411095 | Radium-228 | EPA904.0 Modiiied | 6.86E-01 | 6.48E-01 | 6.665-01 | 1.31E+00 | 111E-01 |  pCil
14-11085-03 | DUP FEE-BRI-W-FADW295206L VT4 0000 | 1114815014 | 1972412014 | 1411095 | Radium-226 | EPA 904.0 Modified | 2.82E+00 | 5.89E-01 | 8.69E-01 | 9.50E-01 | 9.48E-02 | pCi
141109504 | DO FEE-BRI-W-FADW29206L vTana 0000 | 1918/2014] 1172412014 1411065 | Radium-228 | EPA504.0 Modfied | 2.10E+00 | 6.93E-01 | 8.40E-01 | 1.27E+00 | 109E-01 | pCil
14-11095-01 | LCS KNOWN TTeA 0000 | 111820741 11/21/2014| 1416085 | Thorium-228 |  EML Th-01Modified | 5.10E+00 | 1.84E-01 pCi
141109501 | LCS SPIKE T 0000 [ 1911812014 | 11/21/2014] 1411095 | Thorum-228 | EML Th-01 Modified | 5.04E+00 | 842E-01 | 9.67E-01 | 1.20E-:01 § 3.528:02 | pCil
141109502 | MBL BLANK aA 0000 | 11H8/2014| /2112094 1411085 | Thorium-228 | EML Th-01 Modified | -2.126-02 | 574E-02 | 574E-02 | 146E-01 } 7.56E-02 | pCH
14-11095-03 | DUP FEE-BRI-W-FADW29206L e 0000 14185014 | 1172172014 | 1411095 | Thorum228 | EML Th-01 Modified | 1.04E+00 | 442E-01 | 453801 | 272E°01 | 6.388-02 )  pCil
14-11095-04 | DO FEE-BRI-W-FADW29206L A o000 T11118/2014| 117242014 | 14-11085 | Thofum-228 | EML Th-01 Modified | 9.30E-01 | 3.64E-01 | 3.74E-01 | 18001 | 381802 | pCi

060

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty {2-sigma);MDA=
Cy=Critical Value

@ EBERLINE

EBERLINE ANALYTICAL CORPORATION

SERVICES

" | 601 ScarBoro ROAD OAK RiDGE, TN 37830

865/48|1-0683 FAX 865/483-462i

Minimal Detected Activity;LCS=Laboratory Control Sample; MEL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Qriginal;




Printed: 12/4/2014 1:45 PM Page 2 of 2
] Report Ter . - Worik Order Details:
Eberline Analytical Dan Feezor spe:| 14-11095
i ] Feezor Engineering, Inc. Purchase Order: BT-026-PC1
Final Report of Analysis 406 East Walnut Street Analysis Category: | ENVIRONMENTAL
Chatham, IL 62629 Sample Matrix: WA
|.“an s;;'g’;e c'l';“t SaD’:t‘;'e Rgca‘:‘ept A’;;;’t’:'s Bal[tfh Analyte Method Result cu csy MDA cv le:_':t
14-11095-01 LCS 11448114 Q0100 1418/2014| 117242014 | 14-11095 | Thorium-230 EML Th-01 Medified 5.37E+00 | 1.45E-01 pCifl
14-11095-01 LGS 11/18/14 00:0C 111182014 | 11/21/2014| 14-11095 | Thorium-230 EML Th-01 Modified 5.21E+00 | 8.65E-D1 | 1.0BE+00 | 8.98E-02 | 3.02ZE-03 pCil
14-11095-02 MBL 111814 00:.00 11/48/2014 11/21/2014 1 14-11085 | Thorium-230 EML Th-01 Modified 4.38E-01 9.30E-02 | 9.45E-02 | 9.35E-02 | 2.27E-02 pCil
14.11095.03 | DUP | FEE-BRIW-FADW29206L Tana 0000 [ 11118/2014] 1112412614 | 1411095 | Thofum-230 | EML Th-01 Modified | 4.82E+00 | 6.21E-01 | 6.60E-01 | 1.59E-01 | 141E-02 | pCit
141108504 | DO FEE-BRI-W-FADW29206L T4 0000 131183014 ] 1172112014 | 1411085 | Trofum-230 | EML Th-01 Modified | 1.60E+00 | 4.98E-01 | 5:36E-01 | 170E-01 | 299802 |  pGil
144108501 | LGS T8 0000 | 19118/2014| 1172412014 | 14-11095 | Thorum-232 | EML Th-01 Modfied | 6.10E+00 | 1.84E-01 pCil
14-11085-01 | LCS TIMBIA 0000 T 11HaI20U4] 11213014 | 1411095 | Thorium 232 | EML Th-01 Modified | 5.00E+00 | B.36E-01 | 9.45E-01 | 7.85€-02 | B.65E-02 ; pCi
14-11095-02 MaL 11M8M4 00:00 11/98/20141 11/21/2014 | 14-11095 | Thorium-232 EML Th-01 Modified 1.51E-02 | 3.78E-02 | 3.78E-02 | 7.86E-02 | 8.06E-02 pCill
14-11095-03 DUP FEE-BRI-W-FADW29206L 11/13/14 00:00 11/18/2014 | 11/21/2014] 14-110985 | Thorfum-232 EML Th-01 Modified 6.07E-01 3.27B-01 | 3.32E-01 | 2.27E-01 2.1E-01 pCinl
14-11095.04 | DO FEE.BRI-W-FADW29206L oo T11Rei014] 1172172014 | 1411085 | Thorum-232 | EML Th-01 Modfied | 6.53E-01 | 2.93E-01 | 289E-01 | 1.70E-01 | 150E-01 |  pGi
14.17095.01 | LCS e 0000 1 41118/2014] 1172172014 | 1411085 | Uranium-234 |  EML U-02 Modified | 7.04E+00 | 286E-01 pCil
141108501 | LCS Tiera o060 T918i2014] 1172172014 ] 1411085 | Uranium-234 | EML U-02 Modified | 7.24E+00 | 9.22E-01 | 1.06E400 | 623E-02 | 1.64E-02 |  pCY
141108502 | MBL 0000 | Taier01a] 11212014 | 1411085 | Uranium-234 | EML U-02 Modified | 1.73E-03 | 2.42E-02 | 242E02 | 691E-02 | 191802 | pCi
14-110985-03 DuUP FEE-BRI-W-FADW29206L 41/13/14 00:00 11/18/2014 | 11/21/2014 ] 14-11095 | Uranium-234 EML W-02 Modified 9.44E-01 312E-Ci | 3.19E-01 1.86E-01 7.22E-02 pGiil
141109604 | DO FEE-BRI-W-FADW29206L A o000 | Timam014] 11215014 | 1411085 | Uranium-234 | EML U-02 Modfied | 1.35E+00 | 3.935-01 | 4.04E-01 | 143E-01 | 377E-02 | _ pCil
Jai1085-01 | LCS irera 0000 111612014 | 117242014 | 1411085 | Uranium-235 | EML U-02 Modtfied oGl
14-11095-01 LCS 111814 00:00 11/18/2014 ] 11/21/2014 ] 44-11095 | Uranium-235 EML U-02 Mcdified 4.87E-01 1,70E-01 174E-07 | 7.15E-02 | 6.63E-03 pCill
141108502 | MBL T oooo | iMeizota] 117212014 | 14-11065 | Uramum-235 | EML U-02 Modfied | -4.84E-03 | 287E-02 | 287E-02 | 681602 | 4.87E03 |  pCil
174.11095.05 | DUP | FEE-BRI-W-FADW29206L e o000 1i1aia014] 1472112014 | 14-11095 | Uranium-235 | EML U-02 Modiied | 1.02E-01 | 1.26E-01 | 126E:01 | 192E-01 | 3.20€:02 |  pCil
14-11095-04 | DO FEE-BRI-W-FADW29206L i3 0000 | T118/2014 | 31/24/204| 14-11085 | Uraniam-235 | EML U-02 Modiied | 1.58E-0% | 1.51E:01 | 1.51E-01 | 187E-01 | 231E:08 |  pCil
141109501 | LCS Tirara 0000 T11A82014] 14/21/2014 | 14-11095 | Uranium-238 |  EML U-02 Modified | 7.74E+00 | 2.79E-01 pCil
14-11095-01 LCS 14/M18/14 00:00 11/18/2014 | 11/21/2044; 14-11095 | Uranium-238 EML U-02 Medified 7.77E+00 | 9.77E-01 | 1.12E+00 | 5.77E-02 8.90E-03 pGin
14-11095-02 MBL 11/18/14 00:00 11/48/2014 | 11/21/2014 | 14-11095 { Uranium-238 EML U-02 Modified 7.36E-03 | 3.37E-02 | 3.37E-02 | 7.88E-02 1.70E-02 pCid
151100503 | DUP | FEE-BRIFW-FADW29206L e ooen T Tinaia0ta] 112172014 | 14-11095 | Uranium 238 | EML U-02 Modiied | 8.27E-01 | 287E-01 | 283601 | 1.56E-01 | 3.348:02 |  pCll
14-11095-04 [w]] FEE-BRI-W-FADW29206L 1113114 00:00 11182014 | 11/21/2044 | 14-11095 | Uranium-238 EML U-02 Modified 1,25E+00 | 3.74E-01 3.85E-01 1.32E-01 $.58E-02 pCik

10

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma);MDA=
CV=Critical Value

EBERLINE

SERVICES

EBERLINE ANALYTICAL CORPORATION

| 601 ScARBORO RoAD OAK RIDGE, TN 37830

865/481—0683 FAx 865/4835-4L62I

Minimal Detected Activity;LCS=Laboratory CGontrol Sampte; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Criginal;




SECTION V

ANALYTICAL STANDARDS
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QA/0C REVIEWED | CERTIFICATE OF CALIBRATION

e 11645 s 4| ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer: TMA EBERLINE
Half Life: (4.468 £ 0.005) x 10”9 years P.O.No.: OR2778
Catalog No.: 7338 Refarence Date: Janvary 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8,016 pCi
Contained Radioactivity: (Total U) 297 kBq

Description of Solution

a. Mass of solution: 65.2896 g in a 50 ml flame sealed ampoule

b, Chemical form: Uranyl Nitrate in H20Q

¢. Carrier content: None

d. Density: Approximately 1.3202 . g/ml @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters

Refer to attached technical data sheet
Radionuclide Concentration
(Total U) 0.1228 . #Ci/g.

Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrament calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Test(s) applied to this source.
Notes '

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia $. Shirley, 1986.
2. IPL patticipates in an NIST measurement assurance program to cstablish and maintain implicit teacesbility for 4 tumber of ouclides,
based on the blind assay (and later NIST certification) of Standerd Reference Materials (As in NRC Regulatory Guide 4.15).

1 (B AUAS
_ QUALITY CONTROL

22 !
Date Signed

ISOTOPE PRODUCTS LABORATORIES
_ 3017 N, San FERNANDO BLvD.
IR BURBANK, CALIFORNTA 91504

PRODUCTS
818+-843°7000 Fax 818-843-6168

LABORATORIES




6,, EBERLINE QUALITY PCJSSJROL PROGRAM

LERVICES

Rev.B; 11/01/03
Titie: Radicactive Reference Standards Solutions & Recerds

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

‘ MP 009

CURRENT DATE[ G72/2014 0-00

SOLUTION REFERENCE #{IPL:479-50 SOLUTION #1.
Principal Rgdionuclide Half Llfe Years Half Llfe Days
| BT 4:468) [0 1.632E+12|
Radionuclide[: Reference Date|:: 1/1/1695.0:00]

o o
|uCI per gram

Cartified Activity|:
Certified Concentration|:

Weight, Grams
)| Weight, Grams
0]Weight, Grams
pCi

Ampoule /Solution Gross|
Empty Ampoule]:
Solution Net]

Total Activity in Ampoule |

Chemical Composition of Standard Solution
[Uranyl nitrate iri dijute: HNO 5!

[Dilution Instructions: Dilution Solvent Used [1M-HNO;

5 milliliters

Dilute to a volume of| i3

Cortified Total Activity of| -~ '8.0160]uCi Which Equals [ - 1.780E+07|dpm at the date listed above

i Is activity concentration Is based on the originai
And after dilution the activity of this solution is ] 1.77955E+04] dpmlml-eference date listed above. All activities are corrested
’ to the date and time of analysis by the laboratory data
processing software.

Expiration Date:[ Jily.30, 2015 |

Verified & Approved Byr_I\ﬁ—\_ﬂ —— ; " Date: 9/2/2014 0:00

QC Approval ¢ 4 \ \_l WV " Date: ‘f’L?'i F{:[ |

024



%g memyg | QUALTY cgggym PROGRAM

Rev.8; 11/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
- SECONDARY DILUTION RECERTIFICATION
_MP-009 Date - 9/2/2014 O: 00
Solution Reference #[IPL 4795077 - -0 | Solution #] - = d-8a e

Prmca al Radlonucllde Half Llfe_Years Haif Llfe Days
460E \ P 1.632E+12]

171/1995.0:00]

Reference Date| -

Radionuciide of Interest]
Parent Solution Conc. |-

0 “jdpm/mi

Chemical Composition of Standard Solution

Uranly:Nitrate:in. 1M HNO3'

Dllution Solvent Used II"- MHNO; "

Dilution Instructions:

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:[ <.~ :4.0000|m}
Total Activity:| - 7. 1182E+04 |dpm Final Activity Concentrations|

Final Volume:| .’ 1000.00 jml

T 7.1182E+01 | dpmiml

This activity concentration is based on the original
NOTES: reference date listed above. Al activities are
‘ corrected to the date and time of analysis by the
tory data progessing software.

Isotopic Disfribution as:
U-238 Atom % = 48,239 U-238 = 71.182 dpmimi X 0.48249 = 34.345 dpmimi

U-235 Atom % = 2.25 U-235 = 71,182 dpm/mi X 0.0225 = 1.602 dpm/mi
U234 Aom % = 49,501 U-238 = 71.182 dpm/mi X 0.49501 = 35.236 dpm/mi

All velues +- 3.6% Y
velues +- 3.6% Expiration Date:| July 30, 2015 |

isotoplc ratios from manufacturer's data sheet

Date: - 9/2/2014 0:00

Date: ‘3’[3 /‘-IP

Verified & Approved By

QC Approval




o~y e

" RECORD COPY

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Product Description & Measurement Certificate

Principal radionuclide:  uwranium 232 (U-232)  Product code: UDP10050

Daughter Nuclide: Th-228 Batch Number: 92/232/67

Reference date: 01 March 2000
Radioactive concentration U-232 6.735E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution
Mass of sohution £35¢ gramis
Volume of solution 5.035 mitlilitres
Total activity of U-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries

Method of measurement (see reverse of this certificate)

Random uncertainty is: £ 0.7%  Systematic uncertainty:  0.5%

Overall uncertainty in the radioactive concentration quoted above: +1.7%
Overall uncertainty is defined on the reverse of this certificate.

Any radioactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

"he isotopic composition, expressed as atom per cent at the reference date . -

Not measured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
This Tracer solution has been produced "carrier free'.

Physical Recommended half life of uranjum 232: 6.980E+01 years

Data Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%
Branching ratio for alpha emission: 100%
Calculated specific activity of yranium 232: 8.167E+05 Bq per microgram U-232,

Remarks For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
solution please read the instructions accompanying the package.
AEA Technology operates a quality management system which has been independently audited and
approved to ISO 9001.

Approved Q ]/\J ! lu A

Signatory Mg~ Project Ref, AE2315

Roger Wiltshire

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

028

Trkeert.wps 10/03/00 AEA Technology is the trading name of AEA Technelogy ple




EBERLINE

SERYICES

Rev.8; 11/01/03

Tile: Radicactive Reference Standards Solutions & Records

QUALITY CONTROL PROGRAM
MP-009

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
" PRIMARY DILUTION RECERYIFICATION

SOLUTION REFERENCE #IAEA/Amersham 92/232/67.-
Half Llfe Years

Radionuclide]:
Cortified Activity 1]pCi
Cortified Concentration|:- i {Ci per gram
Ampoule /Solution Gross|.~
Empty Ampoule|::
Solution Net|.

Total Activity in Ampoutel

MP 009
CURRENT DATE| - 11!11!2014 0 00
1 SOLUTION #0000 =10
Half Llfa. Days
|- * 2. 630E+04]
Reference Datel>: " 3/1/2000°0:00]
“i." |Weight, Grams
;. |Weight, Grams
A .. {Weight, Grams
-~ 0,9760{pCi

Chgmigqi Cgmposifion of Standard Solution

IDilution Instructions:

Dilute to a volume of};: 1

Certified Total Activity of]. - 0.9760juCi

3 | illiliters

Which Equals |

And after dliution the activity of this solution is| 2.167E+03|dpm/mi

]

ARG ]

Dilution Solvent Used

" -.2.167E+06|dpm at the date listed above

This aciivity concantration is based on the original
reference date Hsted above. All activitles are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:]_November 4, 2015 |

Date: 1171172014 0:.00

Verified & Approved Byc‘[\

QC Approval (

Date:

VA

it’iS/ﬂJ—
NN
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@gg_ seryipyg | QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| - 11!1 1/2014:0: 00
Solution Reference #/AEA/Amersham 02/232/87-| Solution #|. -5 Uf0a
Princi ‘al Radionuclide Half Llfe, Years Half Llfe, Days
AR : |- 2 630E+04]
Radionuclide of Interesy: Reference Date[::" .~ 3/1/2000:0:00|
Parent Solution Cong.| >2: {dpmiml
Chemical Composition of Standard Solution
[PZU(NOs)sin 2MHND;:
-~ e —— — -

Dilution Instructions: A Dilution Soivent Used |2NEENG; "L

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solutian:| %7~ :10;0000]{ ml
Total Activity:| - 2.1670E+04{dpm Finat Activity Concentration:] - 2.1870E+01{dpm/ml
Final Volume:|-::71060.00}ml

This activity concentration is based on the original
reference date listed ahove. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

NOTES:

Expiration Date:| November 4, 2015 |

Date: 11/11/2014 0:00

Date: HI |5[i~{’
[ 1
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" Radionuclide Th-230 Customor: TMA EBER.% ?g@%% .

Half Life: {7.54 4+ 0.03) x 104 years P.0.No.: TT4944 %%&
Catalog No.; 7230 Reference Date: November 1 1991  12.00 psT.
Source No.: 388-116 Contained Radioactivity: 1.036 4G
Description of Solwtion . : _

a. Mass of solution: 50042 grams.

b. Chemical form: Th(NO3)4 in 0.1N HNO3

¢. Carrier content: None added

d. Density: 1.0016 gramizl @ 20°C.
Radioimpurities

Radioactive Danghters

See attached technical data sheet

See attached technical data sheet

Radionuclide Concentration
0.207 #Ci/gram.
Method of Calibration
Weighed aliquots of the solation were assayed vsing a liquid scintillation counter.

Uncertainty  of Measurement e
a. Systematic uncertainty in instrament calibsation: +2.0%

b. Random uncestainty in assay: . +0.5%
¢. Random uncertainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +2.7%

NIST Traceability
This calibration is implicitly traceable to the National Institute of Standards and Techmology.
Notes :
1. Nuclear data were taken from "Table of Isotopes”, Seventh Edition, edited by Virginia 8. Shidey,
2. IPL participates in an NIST measurement assurance program to establish and raintain implicit
traceability for a number of anclides, based on the blind assay(and later NIST certification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1860 No. Keystone Street.,
Burbank, California 91504

(818) 843 - 7000

029




QUALITY CONTROL PROGRAM
MP-009

Rev.14; 101102012
Title: Radicactive Reference Standards Solufions & Records

~ EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIQACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
MP 009

__CURRENT DATEI

SOLUTION REFERENCE #[IPL388-116 .

s

Days

{Principal Radionuclide Half ere, Years Harf Llfe.

L

9 754E407]

RadionucHde|::

Reference Date|:

41/4/1991:0:00]

Certifled Activity
Certified Concentration|’ 1uCi per gram
Ampoule /Solution Gross| . -9: 1\Weight, Grams
Empty Ampoule 6521 8|Welght, Grams
Solution Net|" Weight, Grams

Total Activity in Ampoule| . -1.0360]uCi

Chemlcal Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used {0ANHNO;

Dilute to a volume of}:

T miliiliters

Certified Total Activity of] =~ .

4.0360|uCi Which Eauals [ - 2:300E+06|dpm at the date listed above

N This activity concentration is based on the original
And after dilution the activity of this solution is| 2.300E+03|dpm/m! reference date listed above. All activities are corrected
to the date and fime of analysis by the laboratory data
' processing software,

Expiration Date:| ‘February 24, 2015 |

Recertified By N . Date: 3/1/2014 0:00

=
Qc Approval___éA ; 1 A ; \ Date: 3/ {o/ fsl
YN T

030




RLL MP-009

m

%g-_ iy | QUALITY CONTROL PROGRAM

Rev.14; 101052012
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date|

_azM4 0 00

Solution Reference #rIE'L"SBB'-"i"IG""’" | Solution #|= T TheAk
Redionuclide Half Llfe, VYears Hatf Llfe, Days
2 : i b -3, 754E+07|
Radionuclide of Interest|: Reference Date} = 11/1/1891:0:00]
Parent Solution Cone. | ‘

Chemical Com _osutmn of Standard Solution

- {Dilution Instructions: Dilution Solvent Used [9ANHNOS:

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Sclution:
Totat Activity:
Final Volume:

Final Activity Concentration:|. " 2.2099E+01 {dpm/mi

This activity concentration Is based on the originai
NOTES: reference date listed above. All activities are
: corrected to the date and time of analysis by the
taboratory data processing software.

Expiration Date:| February 24, 2015 }

Recedlf@ Q Date: 3/1/2014 0:00

Verified & Approved By k Date: ;' \ \-D

QC Approval _éAﬂ ~ Date: 3 (_p/ I

r—




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: : TMA EBERLINE

Half Life: -(1.405+ 0.006) x 10" 10years. ~  P.O.No.: VH1632 .
Catalog No.: B 7232 . Reference Date: ~ - November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity: (Th-232) 0.0933 uCi.
Contained Radioactivity:  (Th-232) 3.45 ©  xBg.-
Déscription of Solution : \ - - ‘ C
a. Mass of solution: s 11.9712 g (in a 10 ml flame sealed ampoule)
b. Chemical form: . . Th(NO3)4in water ‘
¢. Carrier conteat: . -~ None added :
d. Density: - . Approx. 1.21 ) glml @ 20°C.
Radioimpurities o : None detected (other than daughters). 2
Radioactive Daughiers : : ‘
Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, T1-208 . . .
Radionuclide Concentsation - o A _ : B '
(Th-232) 0.00779 . © - pci.
Method of Calibration ' -

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b, Random uncertainty in assay: +0.0%

c. Kandom incertainty in weigh‘jng(s); - - o +2.0%

d. Total uncertainty at the 99% confidence level: . £3.6%
NIST Traceability ‘

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s) '

See reverse side for Leak Test(s) applied to this source.
Notes ' o :

1. Nuclear deta were izken from “Iggle of Radioactive Tsotopes”, edited by Virginia 8. Shirley, 1986.

2. TPL participates in an NIST measurement assurance program to establish and muintain implicit traceability for a number of nuclides,

based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

Oromon. W Jiro~

QUALITY CONTROL

/VW.%J /qqg

Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street
Burbank, California 91504

(818) 843 - 7000

£

2




% QUALITY CONTROL PROGRAM
EBERLINE . :

SERVICES ’ MP-00%

Rev.8; 110133
Tite: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DAT

SOLUTION REFERENCE #{IRI:
Principal Radionuclide

Radionuclide
Certified Activity G
- Gertified Concentration 1uCi per gram
Ampoule /Sofution Gross|[ i:18:8415[Weight, Grams
Empty Ampoule BiWeight, Grams

A Weight, Grams

Solution Netj.-
10833 |nCi

Total Activity in Ampoule| ..

ghemical GComposition of Standard Solution

Dilution Instructions: Dilution Solvent Used % Nitric Ac

Y milliliters

'Dilute to a volume o

Certified Total Activity of [~ - 0.0983]uCH Which Equals [

- 2.07FE+05)dpm at the date listed above

— This activity concentration is based on the original

E+02 dpmlml reference date listed above, Al activities are corrected
1o the date and time of analysis by the laboratory data
processing software.

_ And after dilution the activity of this.solution is{;:2.071

Expiration Date:|, August28;2015 |

Verified & Approved By Date: 9/2{2014 ¢:00

Date: C?{l}! I"!P

| QC Approval
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QUALITY CONTROL PROGRAM
%'—":—aﬁﬂﬂmus MP-009

Rev.8; +/10/03
Title: Radioactive Reference Standards Solutions & Records.

EBERLINE SERVICES - OAK RIDGE L.ABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

Pate] - 9/2/2014.0:00]
" e e Solution # Wb !
Half Llfe Years ' ’ Half Life, Days
1 4:405E %10 [ 5132E+12]
Radionuclide of Interest]  222%2%n Reference Date|. . *.11/4/1693:0:00]
) 07E+02

Parent Solution Conce. {dpm/ml

Chemical Composition of Standard Solutlon
Th(NOz)sin 1% 'HNO;* B

Dilution Instructions: Dilution Sotvent Used 11% Nitric Agid -

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution;] /7
Total Activity:
Final Volume:|: .

:500.0000 |ml

0355E+05 | dpm * Final Activity Concentration:| - 1,0355E+02 {dpmimml
< 1000.:00]enl

This activity concentration is based on the original
NOTES: ' reference date listed above. All activities are
' corrected to the date and time of analysis hy the
taboratory data processing software.

Expiration Date:| “August 28, 2015 I

Verified & Approved Byfm _ Date: 9/2/2014 0:00
QC Approval \ i Date: '0//3 // Sé
i ] /7

po—

%



— :
:, lSOtOpe PrOdUCtS Valencia, California 91355

Th-18

24937 Avenue Tibbitts

Laboratories
: ‘ Tel 661:309+1010
An Eckert & Ziegler Company Fax 661+257+8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 Customer: EBERLINE SERVICES
Half-life; 7340 + 160 years P.0. No.: 00009633
Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST
Source No.: 867-54 Contained Radioactivity: 1,013 uCi 37.48 kBg
(Th-229 only)

Physical Description:

A. Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule

B. Chemical form: Th(NOg), in 0.1M HNO,

C. Carrier content: 10ug Th/mL

D. Density: _ , 1.0016 g/mL @ 20°C.
Radioimpurities:

None detected (daughters in equilibrium)

Radionuclide Coneentration: 0.2020 uCifg, 7.474 kBa/g

Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activity in uCifg was determined
using gamma ray spectrometry. '

Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A, Type A (random) uncertainty: t 07%
B. Type B (systematic) uncertainty: * 30%
C. Uncertainty in aliguot weighing: + 0.0%
D. Total uncertainty at the 99% confidence level: t 31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the biind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working life of 5 years.

/R Y 9~ Jan-02
¥ Quality Control - Date Signed IPL. Ref. No.: B67-54
150 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504

. 035




QUALITY CONTROL PROGRAM
EBERLINE MP.009

Rev.8; 1/10/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009 ,
CURRENT DATE["__~ 0/2/2014 0:00
| SOLUTION REFERENCE #[IPL867:54 " .. -+ .| SOLUTION#| -~ ThA8: o
{Principal Radionuclide Half Life, Years Half Life, Days -
TR L-BA0E¥03 [ " 2:681E+08]
Radionuclide} : Reference Date|" = 11/15/2002°0:00)
Gertified Activity +00]|uCi :
Certified Concentration]::: - {uCY per gram
Ampoule /Solution Gross| . :8.77562|Weight, Grams
Empty Ampoule|.: 1|Weight, Grams

Solution Net[ . 5.0161|Weight, Grams
Total Activity in Ampoule] "~ 1.0130]|uCI

Chemical C:pmpqsition of Standard Solution
[ZPThiNG3); In-0.1M HINO ]

Dilution Instructions: Ditution Solvent Used [0:4' MHNO5:

Dilute to a volume of] .~ i miblifiters

Certified Total Activity of | .-~ 1.0130}pCi Which Equals | . 2.249E+06]|dpm at the date listed above

This activity concentration Is based or the original
And after dilution the activity of this solution is dpmlml reference data listed above. All activities are cotrected
‘ to the date and time of analysis by the laboratory data
processing software. .

Expiration Date:[. August 28,2015 _ |

Verified & Approved By ~ Date: 9/2/2014 0:00

.Date:‘ ‘;/37! { 4

QC Approval




QUALITY CONTROL PROGRAM

EBERLINE MP-009
Rev.7: 9/20/89

Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - UAK RIDGE LABORATURY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-BDQ ) Date
Solution Referenee #PL:BB7-54 F] Solution #] -5
Princl a! Rad:onuclide Half Ltfe Years Hzlf Life Days
- BANE 2381Eﬂ=0

SECONDARY VOLUMETRIC DILUTION

Vol. Parent-Solution:{ = "+:210.000¢ |ml
Total Activity:| -2.2490E+04 jdpm Final Activity Concentration:] - 2.2490E+01 jdpm/ml

Final Volume:|:. ;7 -=1000.00

This activity concentration is based on the original
reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

NOTES:

Expiration Date:]__August 28, 2015 1

Date: 9/2/2014 0:00

Date: | 7[3//51
r /7

Radicrnuclide of Interes Referenices Dasel - 1118120020700
Parent Solution Conc, :
e SHEmas
Dilution Instructions: Dilution Solvent Used [0:1M HNO;

P




Radionuclide: Ra-226  Customer:. ‘TMA EBERLINE
Half Life: . 1600 + 7 years . P.O.No.; VHI1888
Catalog No.: 7226 . . ReferepceDate: ~ Febmuary 11994 . 12:00 psT.
Source No.: : 453-26 Contained Radioactivity: (Ra-226) 1.001 uCi.-
Contained Radioactivity: -(Ra-226) 37.0 kBq.
Description of Solution - - '
a. Mass of solution: - X 1864 g(na 5 ml Flame Sealed Ampoule)
b, Chemical form: Ra(NO3)2 in 1 N HNO3
c. Carrier content: None added B ‘ _
4. Density: ' . 10318 - g/ml @ 20°C.
Radioimpurities : - None detected(other than daughters) .
Radioactive Daughters ' |
Rn-222, Po-218, At-218, Pb-214, Bi-214, Po-214, Tl-210 Pb-210 Bi-210, P0~210 and T1-206.
Radlonuchde Concenl:ation o ' o .
. (Ra226) 01920 . . cie
Method of Calibration " -

CERTIFICATE OF CALIBRATION/q¢ ‘E‘ﬁﬁgwgn
ALPHA STANDARD SOLUTION, 2/8h¢ s i

Weighed aliquots of the solution were assayed using gamma spectrometry
Energy peak(s) integrated under: 186 keV.
Branching ratio(s) used: 0.0351 gamima rays per decdy.

Uncertainty of Measurement _
a. Systematic uncertainty in instrument cali_br’ation: +3.4%
b. Random vncertainty in assay: +3.1%
¢ Random uncertuinty in weighing(s): B +0.2%
d. Total uncertainty at the 99% conﬁdence level: . +46%
NIST Traceability

This calibration is implicitly traceable to the Nanonal Tnstitute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) applied to tlus source,
Notes

1. Nuclear data were takéi from *Table of Radioactive Isotop2s™, edited by Virpinia S. Shlrley, 1986.
2. IPL paricigates in an NIST measurement assurance program to ¢stablish and maintain implicit traceability for a number of nuchdes,

baged ‘eil i Bliid WEEY (@nd 14tF NIST certification) of Staiidard Reférente Materials (AF il NRC REgulatoiy Giiide 4. ) 1) P

Bonee U, ILU\.JA..
QUALITY CONTROL

feb. 3, 1994
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street
‘Burbank, California 91504

(818) 843 - 7000

oo




Rev.8; 11/01/03

J—

QUALITY CONTROL PROGRAM
NE MP 009

Tite: Radivactive Reference Standards Solutions & Records

_Certified Activity

| SOLUTION REFERENCE #|IP:4583-26 1w
Prmclpal Radionuchde

Radionuclide | ;"
+001uCi

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
‘ MP 009

Half Llfe, Years

Reference Date

Certified Concentration|.”

=Gl per gram
Ampoule /Solution Gross} = = 7 -7:|Welght, Grams
Empty Ampoule] " -|Weight, Grams
Solution Net| -~ " ° - [Weight, Grams
Total Activity in Ampoule| - 1.0010|uCi

Che_miéal Composiﬁon of Standard Solution

Dilution Instructions:

Dilute to a volume of}. " -

Certified Total Activity of [~ . -

And after dilution the activity of this solution is [ 2.222E+03]dpm/ml

Dilution Solvent Used

CURRENT DATE] -

11!1 1!2014 0 UD

SOLUTION #|- -
Half Lafe, Days

“'Ra-b.-

e — e

- -5.844E+05|

21111994 0:00]

[1MHNO; - L
;| milliliters
1.0010{pCi Which Eauals | . . 2.222E+06!dpm at the date listed above

This activity concentration is based on the original
reference date listed above, All activities are corrected
to the date and time of analysis by the faboratory data
processing software.

Expiration Date:| October 24, 2015. |

QC Approva

Verified & Approvedm "‘S N Date:

Date.

11/11/2014

L) ‘3!"—11 P-4
[ i




QUALITY CONTROL PROGRAM
% EBERLINE MP 009

Rev.8; 11/01/03
Tile: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP D09 Datef 11

Solution Reference #liP|:=453-2 PR Solution #

| Radionuclide Half L ife, Years
ODE*03 L

Radionuclide of interest}:
Parent Solution Cong.|

Chem_ical Com us_l_t_i_qn of Standard Solution

R

Dilution Instructions: ' Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Sohation:

:0000{ml
Total Activity: 04 idpm Final Activity Concentration:| :4:4440E4+01 Jdpm/ml
Final Volume: 00iml This activity concentration is based on the original
reference date listed above. Al activities are
corrected to the date and time of analysis by the

NOTES: laboratory data processing software,

Expiration Date:] Oclober 24, 2015 |

Verified & Approved By N T Date:  11/11/2014 0:00

QC Approval AQM\ Date: \1\65‘\\‘4\’

=

?
|
|
|
|
|



RA-
ANALYT‘ICS 1380 Seaboard Industrial Bivd.

Atlanta, Georgia 30318 - USA

Phone (404) 352-8677
Fax {404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

S
62680-416 =
. . o~
Ra-228 5 mL Liguid in Flame Sealed Vial =y
This standard radionuclide source was prepared Cﬁg
gravimetrically from a calibrated master solution. The 'jg,,—
» Cﬁ

master solution was calibrated using a - germanium gamma
spectrometer system.

Radionuclide purity and calibration were checked using a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for thig source are given below.

L'flw

*

ANALYTICS maintains traceability to the National Institute
of Standards and Technology through Measurements Assurance
Programg as described in USNRC Reg. Guide 4.15, Revision 1.

e &/t)ol
Y

5. (@xﬁ/@/mﬁ ach

ISOTOPE: - Ra-228

ACTIVITY (dps): 2.585 E3

HALF-LIFE: 5.75 years %

CALIBRATION DATE: November 7, 2001 12:00 EST -3

TOTAL UNCERTAINTY*: 4.0% R
SYSTEMATIC: 3.0% 3
RANDOM : 1.0% BQ’:

*¥99% Confidence Level

Impurities: y-impurities (other than decay products) <0.1%
5.07198 grams 0.1M HCl solution with 50 ug/g Ba carrier.
P O NUMBER 9508, Item 1 (Part #4339A)

SOURCE PREPARED BY: / /ﬁ /

M. D. Currle, Radiochemist

O A APPROVED: | /(C w oS /) /e/

e
#M




STEAVIcRS MP-009

% EBERLINE QUALITY CONTROL PROGRAM

Rev.B; 1/10/03
Titfe: Radioastive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
RECERTIFICATION

MP 009

__CURRENT DATE(:

Half Life, Days

Certified Concentration]:

Ampoule /Solufion Gross
Empty Ampoule

982! Weight, Grams
95| Weight, Grams
Solution Net{. 5.0087 |Weight, Grams

Total Activity in Ampoule|..* 0:0699;uCi

Chemical Composition of Standard Solution

Dilution Instructions: Dilution Sclvent Used {05:MH

“imifliliters

Dilute to a volume of|;3:x1000:00

Certified Total Activity of}. =" 0:0699

Which Equals L. 1:551E+05|dpm at the date listed above

e . . s R EEIELNTD This activity concentration is based on the original
And after dilution the activity of this solution is| 1.551E+02|dpm/ml o - i te listed above. Al activities are corrected

to the date and time of analysis by the laboratory data
processing software.

Expiration Date:[. “March 11,2015

Recertified By "“ Date: 3/30M14

ac Approvaéduﬂ@u\% Date: 51/ 5\!"}




o Ba-b
f’ ey (¢ o)
) Rational Institute of Standards & Technology

= Caifiate O
04@!‘« . Standard Reference Material 4251C° Q:SJ )
“..°. . Barium-133 Radioactivity Standard . Q%

B

This Standard Reference Material (SRM) consists of radioactive barium-133 chloride, non-adioactive barium
chloride, and hydrochloric acid dissolved in 5 mL of distilled water, The solution is contained in a flame-
sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization chambers and
solid-state gamma-ray spectrometry systems. -

Radiological Hazard

The SKM ampoule contains barium-133 with ‘a total activity of approximately 2.5 MBq. Barium-133 decays
by electron capture and during the decay process X-rays and gammagays with energies from 4 to 400 keV are
emitted. Most of these photons escape from the SRM ampoule and can represent a radiation hazard.
Approximate unshielded dose rates at several distances (as of the reference time) are given in note [a]*.
Appropriate shielding and/or distance should be used to minimize personnel exposure. . The SRM should be
used only by persons qualified to handle radioactive material.. . ... . .. o

Chemical Hazard

The SRM ampoule contains hydrochloric acid (HCI) with a concentration of 1. mole per liter of water. The
solution is corrosive and répresents a health hazard if it comes in contact with.eyes or.skin, If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handie both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C, The solution in an ﬁ'ﬁbpeﬁéd
ampoule should remain stable and homogeneous until at least June 2004.

The ampoule (or any subsequent container) should always be clearly marked as containing radicactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) both because of the radioactivity and because of the strong acid.

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactivity Group, J.M.R. Hutchinson, Group Leader. The overall technical direction and physical
measurementsleading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Rescarch Associate.

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahey.

Gaithersburg, Maryland 20899 Thomas E. Gills, Chief
QOctober 1994 Standard Reference Materials Program
SRM 4251C, page 1 of 6 - *Notes and references are on pages 3 and 6.

013




QUALITY CONTROL PROGRAM

EBERLINE QCP-209
Rev.8; 11/10/03

Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
QCP 009-1

_CURRENT DATE[

SOLUTION REFERENCE #{NIS

1 SOLUTION #

“ IPrincipal Radionuclide Half Life, Days

Radionuclide Reference Date HF1993 0100]
Certified Activity nCi
Certified Concentration 1Ci per gram
Ampoule /Solution Gross| 153081 |Weight, Grams
Empty Ampoule B2|Weight, Grams
Solution Net}: :0499|Weight, Grams

Tp,tal.-Act_ivity-inAmpbute L RBBAERINGE.

Chemical-Composition of Standard Solution-

Dilution Instructions: Dilution Solvent Used

Dilute to a volume of|:

Certified Total Activity of|. - 86.557Z|nCi Which Equals L. 17478E+08|dpm at the.date listed above .

~ And after dilution the activity of this solution is[ T:478E+05]dpm/ml This actiuity concentration is B o e arm corrcoted

to the date and time of analysis by the laboratory data
processing software,

Expiration Date:[.~"May 22,2015 - B

Date: 513114
Qc Approvad@\ Date: Cq/ 9,/ 1L
M" J4L

04_4



QCP-009

BERAVICEE

%M _QUALITY CONTROL PROGRAM

Rev.8; 11/10/03
Tile: Radioactive Reference Standards Solutions & Records

‘EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

Date]
Solution #

Reference Date}: /s

Radionuclide of Interes
Parent Solution Conc.§;

S—

Difution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol, Parent Solution:
Total Activity:
Final Volume:

This activity concentration is based on the original

NOTES: reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l May 22, 2015 I

Verified & Approved By /m""s\ Date: 5/31/14
" \

Date: (E;/ };[[ C{,L

QC Approval

T R FITAEESE CYINT RA N aeT r e peste
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QA/QC REVIEWED Avn-4
ANALYTICS s 4 1o s s

Phone (404} 352-8677
Fax  (404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

52094-416

Am-241 10 mL Liquid in Flame Sealed Vial

This standard radionuclide source was prepared gravimetrically
from a calibrated master liquid radionuclide solution source.
The master source was calibrated by 1ligquid scintillation

counting.

ANALYTICS maintains traceability to the National Institute of
Standards and Technology through Measurements Assurance Programs

as described in USNRC Reg. Guide 4.15, Revision 1.

ISOTOPE: Am-241
ACTIVITY (dps): 1.975 E+05
HALF-~-LIFE: 432.2 years
CALIBRATION DATE: March 19, 1996 12:00 EST
TOTAL ERROR: 3.0%
SYSTEMATIC ERROR: 2,37%
RANDOM ERROR: 0.63%

10.01177 grams of solution 1M HCI1.

P O NUMBER OR3830, Item 1

SOURCE PREPARED BY: GL%ML— D 3@.(2_, 50\/1% L\-\/

O Beverly, Radicchemi

Q A APPROVED: M ﬂ?-»[,/ L~ }Q@(

(706




%g SER LINE QUALITY COHI\:;:'?OL PROGRAM

Rev.8; 1/10/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION (RE-CERTIFICATION)

Solution Reference #[Analytics 52094-416 -~ |
Principal Radionuclide Lifi

Hal_f Llfe Days

P4 Americium - 1:579E+05
Radionuclide of Interest| " Reference Date} " :3/19/1996:0:00}
Parent Solution Conc. |+’

Ghemical Com osltion of Standard Solution

Dilution Instructions: Dilution Solvent Used {4 MHNOS

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:[ .. 60,0000]ml

Total Activity:} . 7.1100E+05 |dpm Final Activity Concentration:| . © 7.1100E+02 | dpm/ml
Final Volume:|: - :3:1000.00{ml

This activity concentration is based on the originai

reference date listed above. All activities are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:] _August 15, 2015 ]

Verified & Approved By: I\ Date: - 92114

QC Approval M Date; %’I a‘l }\_f

I
A

A

0
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Pational Institute of Stanvards & Techrology

-~ Certificate

Standard Reference Material 4234A
Strontium-90 Radioactivity Standard -

This Standard Reference Material (SRM) consists of radioactive strontium-90 chloride, non-radioactive
strontium chloride, non-radioactive ytirium chioride, and hydrochloric acid dissolved in ‘5 mL of distilled water.
The solution is contained in a flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the
calibration of beta-particle counting instruments and for the monitoring of radiochemical procedures.

Radiological Hazard
The SRM ampoule contains strontium-90 with a total activity of approximately 13-MBg, Strontium-90 decays

by beta-particle emission to yttriura-90, which also decays by beta-particie emission. None of the beta particles
escape from the SRM ampoule.  The beta particles emittéd from strontium-50 "and yttrium-90 produce

S -AL

13 adin

bremsstrahlung photons with energies up to 2 MeV. Most of these photons escape from the SRM ampoule -

and can represent a radiation bazard. Approximate unshielded dose rates at several distances (as of the -

. refetence time) are given in note [a]*. Appropriate shieldinig and/or distance shovld be used to minimize
personnel exposure. The SRM should be used only by persons qualified to handle radioactive material
Chemical Hazard

‘The SRM ampoule contains hydrochloric acid (HCI) with a concentration of 1 mole per liter of water. The
- solution js corrosive and represents a health hazard if it comes in contact with eyes or skin. If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C. The solution in an unopened

ampoule should remain stable and homogeneous until at least March 2005,

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
. good (hazardous material) both because of the radioactivity and because of the strong acid. T

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactivity Group, JM.R. Hutchinson, Group Leader. The overall technical direction and physical
measurements leading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, certiﬁcation; and issuance of this SRM were.coordinated
through the Standard Reference Materials Program by N.M. Trahey. ' _

Gaithersburg, Maryland 20899 | o | Thomas E. Gills, Chief
- May 1995 (Text only revised November 1997) o Standard Reference Materials Program-
SRM 4234A, page 1 of 6 : ' *Notes and references are on pages 5 and 6.
L _ .
\\
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QCP-009-1-A Date{.
Solution Reference #|NIST: 4234 5 Solution #|: i
: fP”".CF al Radionuclide ' Half Life, Years Half Llfe, Days
DS trontum: |

EBSERLINE QUALITY ngIgOL PROGRAM

Rev. 7 9/20/29
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION (RE-CERTIFICATION)

059E+D4)

Radionuclide of Interest
Parent Solution Cong,

Reference Datef

‘dpmjrnl

The beta actvity of solviion reflects the original
®srantium concentration and an equal
concentration of PYtrium.

Chemical Compusmon of Standard Solution
ISD

Dilution Insfructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION'

Vol. Parent Solution: |:

This activity concentration is based on the original
reference date listed above. All activities are’
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l Auggst 15, 2015 I

Verified & Approved By . Date: 09/02/14

QC Approval EE)J) S p\ Date: ci/g// 7[

00| mi
Total Activity: | dpm Finat Activity Concentration: [+ =~ 7.6764E+02{dpmiml
Final Volume: 00| ml

019

e




SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY
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Eberline Services Printed: 11/21/2014 12:49 PM
Page 1 0of 2

Analysis Control Chart
WO Analysis Run Activity Units Aliguot Units - Client Name
UUISO 1 pCi l Feezor Engineering, Inc.
1
Laboratory Control Sample
7 i
Normalized LCS csy LCS Uncert. i Known Standard Standard Standard Standard
Analyte Oifference | M d M d Expected Expected Knawn Error Result csu D ACT (dpm) Error Added (g)
U-234 1.29 91.11% 14.60% 100.00% 3.60% 7.94E+00 2.86E-01 7.24E+00 | 1.06E+00 U-8a 3.52E+01 | 3.60E+00 5.01E-01
U-238 0.04 100.33% .1 4.46% 100.00% 3.60% 7.74E+00 | 2.79E-01 7.77E+00 | 1.12E+00 U-8a 3.44E+01 | 3.60E+00 | 5.01E-01
Matrix Spike
Anal Normalized MS Actual Expected Expected Actual Actual Sampl Sampl: pl Standard Standard Standard Standard
nalyte Difference % Rec M5 Resuit MS Uncert MS Resuit MS CSU Resuft oSy Aliguot D ACT {dpmj} Error % Added (g}
Replicate Sample QC Summary
Analyte Normatized RPD Originat Ortgimal Replicate | Repleate Les ;:’: el es%R LCSND MS%R MSND Rep RFD Rep ND
U-234 1.54 35.37 1.35E+00 | 4.04E-01 9,44E-01 3.19E-01 0.91 OK OK INV oK
u-238 1.70 4047 1.25E+00 | 3.85E-01 8.27E-01 2.93E-01 1.00 OK oK INV OK
U-235 0.54 42.08 1.56E-01 1.51E-01 1.02E-1 1.26E-01 oK OK NA OK
53 Version

§ooak




Eberline Services
Analysis Control Chart

Printed: 11/21/2014 12:43 PM

Page 2 of 2
WO i Analysis Run Activity Units Aliguot Units : Client Name
- i . .
UUISO 1 pCi I | Feezor Engineering, Inc.
LCS % Recovery Replicate Sample RPD
13000
40,00
20004 0 —— e e m— e b S e m——
B+ e e e e e s rew e m—— e e dmam meee e
110.00 .q, 30,00
100.00 25.00
20.00 4
90.00 4
15.00 4
BOOO+ 0 e emw oe— oe— e Amm w—— e m— e—
10.00 +
70.00
¢ U-234 U-238 500
— Lower Brror 72.90 82.27 0.00
—  Upper Emor 109.31 118.39 U-234 1J-238 1-235
. %R 9111 100,35 —  Lower Eor 40.95 47.08 &4.71
— —LCL 80 B0 — Upper Emar 2970 33.86 19.46
" Mean 100 100 o RFD 35.37 1047 42.08
— —LCL 120 120 S—— 35 35 36
Normalized Difference
350 - No Matrix Spike
3.00
2.50
2.00 -
1.50
1.00 Feemms
D.50 -
0007 LCS ND REP ND S ND
1 — | |.234 1.29 1.54 0.00
——U-238 0.04 1.70 0.00
— 0.00 0.00 0.00
)L 3 3 3
- Version
13
o




Eberline Services

Printed: 11/21/2014 12:48 PM

Analysis Contrel Chart Page 1 of 2
WO Analysis Run Activity Units Aliquet Units Client Name
ThiSO 1 pCi I Feezor Engineering, Inc.
Laboratory Control Sample
Normalized LCS CSU LCS Uncert. | Known Standard Standard Standard Standard
Analyte Difference M d M d Expected Expected Knawn Error Result csu D ACT {dpm) Error Added (g)
TH-228 0.12 98.83% 19.19% 100.00% 3.60% 5.10E+00 | 1.84E-01 5.04E+00 | 9.67E-01 Th-8b 1.04E+02 | 3.60E+00 | 1.09E-01
TH-23¢ 0.28 97.15% 20.69% 100.00% 2.70% 5.37E+00 | 1.45E-01 5.21E+00 | 1.08E+0D0 Th-1b 2.35E+01 | 2.70E+00 | 5.06E-01
TH-232 0.20 98.09% 18.90% 100.00% 3.60% 510E+00 | 1.84E-01 | 5.00E+00 | 9.45E-M Th-8b 1.04E+02 | 3.80E+00 | 1.09E-01
Matrix Spike
A Normalized MS Actual Expected Expected Actual Actual Sample Sample Sample 5 o fard fard Standard
nalyte Difference % Rec MS Result MS Uncert MS Result MS CSU Resuit csu Aliguot n ACT (dpm} Error % Added (g
Replicate Sample QC Summary
Normalized COriginal Original Replicate Replicate LCS Relative o N
Analyte i ﬁe:e::zce RPD Result csu Result csu Bias LCS %R LCS ND ME%R MS ND Rep RPD Rep ND
TH-228 0.24 7.51 9.39E-01 3.74E-01 1.01E+00 | 4.53E-01 0.9% OK OK NA OK
1 TH-230 0.51 12.93 1.60E+00 | 5.36E-01 1.82E+00 | 6.60E-01 0.97 oK OK OK oK
TH-232 0.20 7.31 6.53E-(1 2.99E-01 6.07E-01 3.32E-01 0.98 oK OK NA OK
3
e Version
LRSS
()
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Eberline Services

Anaiysis Control Chart

Printed: 11/21/2014 12:48 PM

Page 2 of 2

WO Analysis Run ] Activity Units Aliguot Units
ThiSO 1 pCi | Feezor Engineering, Inc.
I.CS % Recovery Replicate Sampie RPD
130.00
40,00
120.00 - — v m— M — ot G — — & UCL
35.00 4 — i e m— — . — — — — — —— T —
110.00
30,00
100,00 Py + 25.00
90,00 20.00
15.00 4
8000 L e e e e e = — — — e — Y LcL E
- - 10.00 4
7000 i E
TH-228 TH-230 TH-232 5.00
— Lawer Ermor 76.04 73.76 75.58 000
— _ Lipper Error 12182 120.55 120.59 TH-228 TH230 Tha2s2
* %R 98.33 97.15 98.08 —  Lower Emor 2.10 15.19 9.14
— —LCL 80 a0 80 — Upper Eror 592 10.66 548
Mean 100 100 100 + RPD 7.51 12.93 7.31
S 120 120 120 R 35 35 35
Normalized Difference
350 - No Matrix Spike
3.00
2.50
2.00
1.50
1.00
0.50 | J
0.00 |
LCS ND REP ND M$S ND
p— TH-228 0.12 D.24 0.00
L1 TH-230 0.28 0.51 0.00
oL 3 3 3
Version
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Eberline Services
Analysis Control Chart

Printed: 11/20/2014 3:13 PM

Page 1 of 2
WO Fralys Run Rctivity Linits Aliquot Units___ Glient Name
Ra226 1 pCi I Feezor Engineering, Inc.
Laboratory Control Sample
| l
Normalized LCs csu LCS Uncert. Known Standard Standard Standard Standard
Analyte Difference Measured Measured Expected Expected Known Error Result cst ID ACT (dpm) Error Added (g)
RA-226 0.76 110.38% 24.04% 100.00% 4.60% 9.98E+00 4.59E-01 1.10E+01 2.65E+00 Ra-5b 4.40E+01 | 4.60E+00 5.03E-01
Matrix Spike
Anatyte Normalized MS$ Actuaf Expected Expected Actual Actuaf Sampile Sample Sample Standard d s rof Standard
Difference % Rec MS Result M3 Uncert MS Result M3 Csu Result Ccsu Aliquot 0 ACT (dpm) Error % Added (g}
Replicate Sample QC Summary
' |
Normalized Original Original Replicate Replicate LCS Relative o 5
Analyte Difference RPD Resuft osu Result csu Bias LCS %R LCS ND MS %R MS ND Rep RFD Rep NO
RA-226 0.16 5.62 1.70E+00 | 8.21E-01 | 1.80E+00 | B.41E-01 1.10 OK OK NA oK
Version




Eberline Services Printed: 11/20/2014 3:13 PM

Analysis Control Chart Page 2 of 2
WO | Analysis Run Activity Units Aliguot Units i Client Name
Ra226 1 pCi I Feezor Engineering, Inc.
LCS % Recovery Replicate Sample RPD
120.00
40.00
120.00 -
35.00 4
11¢.00 + 30,00 4
100.00 25.00
20,00
40,00
15.00
80.00 -
10.00
70.00 RA-226 5.00 E
= Lower Ermor 8173 a.00
~ Upper Emar 139.02 RA-226
* %R 110.38 = Lower Error 6.95
— =—iCL 80 - Upper Emor 4.29
Mean 100 ¢ RFD 5.62
— 3L 120 — (L 35

Normalized Difference

150 No Matrix Spike

3.00

2.50

2.00

1.00

0.50 4

C.00

IS
LCS ND REP NO MS ND
'; RA-226 076 0.16 0.00
*UcL 3 3 3

s Version




Eberline Services Printed: 11/24/2014 10:54 AM
Analysis Control Chart Page 1 of 2

WQ | Analysis Run i Activity Units Aliquot Units Client Name

Ra228 1 pCi | Feezor Engineering, Inc.

Laboratory Control Sample

Nommalized LCS csu LCS Uncert. Known Standard Standard Standard Standard
Analyte Difference Measured Measured Expected Expected Known Error Result csu ID ACT (dpm) Errar Added {g)
RA-228 0.43 105.99% 25.75% 100.00% 5.10% 7.3B8E+00 3.76E-D1 T.82E+00 | 2.01E+00 Ra-11 3.22E+01 5. 10E+00 5.08E-01

Matrix Spike

Anal Normalized MS Actuafl Expected Expected Actual Actual Sample Sample Sample Standard Standard Standard Standard
ralyte Difference % Rec MS Resuit | MSUncert | MS Result MS CSU Result csu Aliquot D ACT (dpm) Error % Added (g}
Replicate Sample QC Summary
Normalized Original Original Replicate Replicate LCS Relative o o 0
Analyte Difference RPD Result osy Result csu Bias LCS%R LCS ND M8 %R MS ND Rep RPD Rep NI
RA-228 117 29.41 210E+00 | 8.40E-01 2.82E+00 8.69E-01 1.06 OK OK NA OK
1

Version




Eberline Services

Analysis Control Chart

Printed: 11/24/2014 10:54 AM

Page 2 of 2
WO | Analysis Run Activity Units Aliguot Units Client Name
Ra228 1 pCi I Feezor Engineering, Inc.
LCS % Recovery Replicate Sample RPD
130.00
40.00
120.00
35.00
110.00
3000
»
100.60 4 25.00
90.00 1 2000
45.00
80.00
- 10.00 4
e RA-228 6.00 1
—  Lower Errer 75.14 060
—  Upper Error 136.84 RA-228
© R 0599 —  Lower Eror 34.51
[uam e | L 80 — _ Upper Emmor 24.30
Mean 100 ¢ RPD 29.41
— =—UuCL 126 — —cCL 35
Normalized Difference
3.50 No Matrix Spike
3.00
2.50
2.00
1.50
1.00
0.50
0.00 1 LCS ND REP ND MS ND
i RA-228 0.43 1.17 0.00
— L 3 3 3

8.0

Version




Eberline Services

Printed: 11/20/2014 12:25 PM

Analysis Control Chart Page 1 of 2
WO Analysis Run Activity Units Aliquot Units Client Name
GaGbT ThSr 1 pCi | Feezor Engineering, Inc.
Laboratory Control Sample
T
Normalized Lcs csy ics Uncert. Known : Standard Standard Standard - Standard
Analyte Difference Measured Measured Expected Expected Known Error Result csu 13 ACT {dpm} Errorr Added (g)
GROSS ALPHA_Th 0.34 98.08% 11.01% 100.00% 4.30% 2.69E+02 | 1.16E+01 | 2.84E+0Z | 2.91E+01 A/B-07 5.97E+02 | 4.30E+00 | 1.00E+00
GROSS BETA_Sr 0.80 94.58% 13.86% 100.00% 3.00% 3.00E+02 | 8.99E+00 | 2.83E+02 | 3.93E+01 AIB-07 6.64E+02 | 3.00E+00 | 1.00E+00
Matrix Spike
Anal Normalized MS Actual Expected Expected Actual Actual Sample Sample Sample Standard Standard Standard Standard
yte Difference % Rec AS Result MS Uncert M5 Result MSs CSU Result csu Aliquot o] ACT (dprt) Error % Added (g)
Replicate Sample QC Summary
Analyte Normalized RPD Original Odginal Replicate | Replioate Les ;_:': el jcsuR | LCSND MS %R MS ND RepRPD | RepND
GROSS ALPHA_Th 0.48 9.82 3.37E+01 | 9.64E+00 | 3.05E+01 | 8.46E+00 0.98 OK oK NA OK
GROSS BETA_Sr 0.33 4.51 6.02E+01 | 1.15E+01 | 6.29E+01 | 1.20E+01 0.95 OK OK oK oK

Versicn
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Eberline Services

Printed: 11/20/2014 12:25 PM

09

Analysis Control Chart Page2of 2
wWo Analysis Run Activity Units Aliguot Units Client Name
GaGbT_ThSr 1 pCi , I Feezor Engineering, Inc.
-— i
1.CS % Recovery Replicate Sample RPD
130.0¢
40.00
120004 00 e e e m— — e e e e
5004 000 — e e — — e e e o SEm e e
110.00 4 “' '[
30.00 4
100.00 4 2500
90.00 20.00
15.00
BON0 4+ e — o mem — ——— damm e m— — —
10.00 i
70.00
GROSS ALPHA_Th GROSS BETA_Sr 5.00 =
~ Lower Emor 82,77 77.71 -
—  Upper Emor 113.28 111.44 GROSS ALPHA_Th GROSS BETA_Sr
. %R 98.08 9458 —  Lower Error 11.21 494
— i CL 80 a0 — Upper Ervor B.44 4,08
Mean 100 150 ¢ RPD 0.82 451
— —ucL 120 120 I 35 35
Normalized Difference
2.50 No Matrix Spike
200
2,50
2.00
1.50
1.00
0.50 [
0.00 -
LCS ND REP ND M3 ND
[ GROSS ALPHA_Th 0.34 0.48 0.00
C——1GROSS BETA_Sr 0.80 0.33 0.00
— 0.00 0.00 0.00
oL 3 3 3
Version
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Printed: 11/18/2014 4:28 PM

Internal Work Order

Page 10f i

14-11095

Oak Ridge Laboratory
601 Scarboro Rd.

UUISO

EBERLINE _
SERVIGES Qak Ridae, TN 37830 Analysis Code
. Voice: 865.481.0683
Work Order Analysis Notes ~www.eberlineservices.com Run Number 1
Date - Dept CUser | il poaE S Notes
11 1171814 16:28 PREP LWALKER -"'Spike and frace beakers-aliquot-dry samples down-submit to separations.
ey "

/| /g//ﬁé

083

N



Printed: 11/19/2014 5:48 AM

Page 1 0of 1

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory nternal Work Order 1 4_1 1 09 5
601 Scarboro Rd.
Oak Ridge, TN 37830 Analysis Code U U ISO

Voice: 865.481.0683

www.eberlineservices.com Run Number 1
Date Dept User . Notes
111814 16:28 PREP LWALKER Spike and frace beakers-aliquot-dry samples down-submit to separations.
11/19/14 05:48 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN

i




Printed: 11/20/2014 6:09 PM

Page 1of 1
Oak Ridge Laboratory Inernal Work Order 14-11095
ESERLINE 601 Scarboro Rd.

SERVICES Oak Ridge, TN 37830 Analysis Code U U I SO
Work Order Analysis Notes Voice: 865.481.0683

www.eberlineservices.com Run Number 1
Date | " Dept | User: o | e R . Motes .
11M18/14 16:28 PREP LWALKER Spike and trace beakers-aliquot-dry samples down-submit to separations.
11/19/14 0548 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFCRE DRYING THEM DOVWN
:.' 3 11/20/14 18:09 CHEM JDEMELAS Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and

fransferred to new, labeled C-Tubes, rinsing with 8N HC! to bring votume to ~35 ml; Preconditioned resin
columns with 35 m1 8N HCY; Centrifuged samples and lcaded onto columns; Rinsed C-Tubes with 20 m1 8N
HCI, centrifuged as needed and loaded onto columns; Rinsed columns with 356 mk 8N HCI - 0.1N NH4l, 35 ml
of 6.5N HCI — 0.04N HF, and 10 mi of 6.5N HCI; Eluted Uranium with 50 mt of 0.8N HCl into clean, labeled 100
mi beakers; Dried-down samples on hotplate; Dissolved samples in ~10 ml of concentrated HCI: Transferred to
new, laheled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

eItz

085




Printed: 11/21/2014 4:52 AM Page 1 of 1

Oak Ridge Laboratory Internal Work Order 1 4..1 1 095

EBERLINE 601 Scarboro Rd.
SERVicES Oak Ridge, TN 37830 Amalysis Gode UuISO

Voice: 865.481.0683

Work Order Analysis Notes

www.eberii.neservices.com Run Number .1
# Date ° Dept User . T " . Notes
: 11/18/14 16:28 PREP LWALKER Spike and trace beakers-aliguot-dry samples down-submit to separations.
11/19/14 05:48 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN
11/2014 18:09 CHEM JDEMELAS Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and

transferred to new, labeted C-Tubes, rinsing with 8N HC! to bring volume to ~35 ml; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 6N
HCI, centrifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HC1— 0.1N NH4l, 35 m
of 6.5N HCI — 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100
mi beakers; Dried-down samples on hotplate; Dissolved sampies in ~10 mi of concentrated HCI; Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

11/21/14 04.52 CHEM TSMITH Followed steps 12.1.7 10 12:4.5 in AP-005 . ( Precipitated and filtered samples for Uranium )

<
]
o



Eberline Analytical

Oak Ridge Laboratory

Printed: 11/21/2014 4:58 AM

Page I of 1

015780P

Reagent Grade

Nitric Acid JWOLFE
015696P Anion Exchange Resin Reagent Grade JDEMELAS 11/20/2014
015797S HCl - HF 6.5N - 0.04N JDEMELAS 11/20/2014
0158185 HCI - NH4l 8N - 0.1M JDEMELAS 11/20/2014
015376D07 Hydrochloric Acid 0.5N JDEMELAS 11/20/2014
0157045 Hydrochloric Acid 6.5N JDEMELAS 11/20/2014
0158115 Hydrochloric Acid 8N JDEMELAS 11/20/2014
015553P Hydrochleric Acid Reagent Grade JDEMELAS 11/20/2014
015779S Carbon substrate Solution TSMITH 11/21/2014
015645P Hydrofluoric Acid Reagent Grade TSMITH 11/21/2014
0157205 Neodymium Carrier - 1 mg/ml TSMITH 11/21/2014
014943P Reagent Alcohol Reagent Grade TSMITH 11/21/2014
015660P Reagent Grade TSMITH 11/21/2014

Titanous Chioride
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ISO-TH NOTES
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Printed: 11/18/2014 4:29 PM e Page 1 0f 1

ﬂ. . 7 . Oak Rlﬁg_e- I_'_'?boratorv . Intemal Work Qrder 14_1 1 095
EBERLINE " 601 ScartioroRd: "
SERVICES . OakRidge, TN 37830 Analysis Code
Work Order Analysis Notes Voice: ':6?:43;"0‘5.33 . ” ThiSO
www.eber ineservices.com Run Number 1
# Date Dept User o Notes
11 1118114 16:29 PREP LWALKER Spike and trace beakers-aliquot-dry samples down-submit to separations.

3
ot




Printed: 11/19/2014 5:48 AM . Page 1 of 1

Oak Ridge Laboratory Internal Wark Order -l 4_1 1 09 5
EBERLINE 601 Scarboro Rd.
TSERVICES Oak Ridae, TN 37830 Analysis Code
Work Order Analysis Notes V°i°e:e::?.'481'°6.83 ThiSO

www.eberlineservices.com Run Number 1

# Date " Dept -User Notes

1: 11M18/14 16:29 PREP LWALKER Spike and trace beakers-aliguot-dry samples down-submit to separations.

. -2 11/19/14 05:48 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN

i

j
1
;
1

oL



Printed: 11/20/2014 6:10 PM ' Page 1 of 1

Oak Ridge LabOi‘atorv Internal Work Crder 14-—1 1 095
EEBERLINE 601 Scarboro Rd.
Tt S ERvicES Oak Ridge, TN 37830 Analysis Codo ThiSO

Voice: 865.481.0683

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
# Date . “Dept User L R o Notes
11/18/14 16:29 PREP LWALKER _Spike and frace beakers-aliquot-dry samples down-submit to separations.
11/19/14 05:48 PREP JWOLFE ADDED HNO32 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN
11/20/14 18:10 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and

transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 ml; Preconditioned resin
columns with 50 ml 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 mi 8N HNO3Z;
Eluted Thorium with 50 ml of BN HCl into clean, labaled 100-ml beakers; Dried-down samples on hotplate;
Dissalved samples in ~10 ml of concentrated HCI; Transferred to new, labsled C-Tubas with deiononized

water, bringing volume to ~15ml. Set samples aside for later precipitation and filtering.

D a0/t

I
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Printed: 11/21/2014 4:55 AM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

14-11095

Oak Ridge Laboratory Internal Work Order
- 601 Scarbeoro Rd.
Oak Ridge, TN 37830 Analysis Code

Voice: 865.481.0683

ThISO

www.eberlineservices.com Run Number

1

Date

Dept

- User

" Notes

11118114 16:29

PREP

LWALKER

Spike and trace beakers-aliquot-dry samples down-submit to separations.

11/19/14 05:48

PREP

JWOLFE

ADDED HNO3 TO ACID!FY SAMPLES BEFORE DRYING THEM DOWN

11/20/14 18:10

CHEM

JDEMELAS

Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 mi 8N HNOS fo samples and
transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 ml, Preconditioned rasin
columns with 50 ml 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml 8N HNQ3; Cenfrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNG3;
Eluted Thoriem with 50 mi of 8N HC into clean, labeled 100-mi beakers; Dried-down samples on hotplate;
Dissolved sampies in ~10 ml of concentrated HCI; Transferred to new, labeled C-Tubes with defononized
water, bringing volume to ~15ml. Set samples aside for |ater precipitation and filtering.

11721114 04:55

CHEM

TSMITH

Followed steps 12.2.4 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Thorium )

1
Y

A

073

Pl -




Eberline Analytical Printed: 11/21/2014 4:59 AM

Oak Ridge Laboratory Page 1 of 1 -

EBERLINE 14-11095

SERVICES Analysis Q?dfe"-:' ey T Ran

Reagents Used in an Analysis ThISO 1
g oncentration D o Recorded. .

015780P Nitric Acid Reagent Grade JWOLFE 11/19/2014
015696P Anion Exchange Resin Reagent Grade JDEMELAS 11/20/2014
0158115 Hydrochloric Acid 8N JDEMELAS 11/20/2014
015553P Hydrochloric Acid Reagent Grade JDEMELAS 11/20/2014
0158105 Nitric Acid 8N JDEMELAS 11/20/2014
015687P Nitric Acid Reagent Grade JDEMELAS 11/20/2014
0158155 Nitric Acid 8N JDEMELAS 11/20/2014
0157795 Carbon subsfrate Solution TSMITH 11/21/2014
015645P Hydrofluoric Acid Reagent Grade TSMITH 11/21/2014
014943P Reagent Alcohol Reagent Grade TSMITH 11/21/2014
015789S Cerrium Carrier 0.1mg/ml TSMITH 11/21/2014

o
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RA-226 NOTES

07




Printed: 11/18/2014 4:.35 PM Page 1of 1

Oak Ridge Laboratory Iermat Work Order 1 4_1 1 09 5
EBERLINE 601 Scarboro Rd.
=S e e Oak Ridge, TN 37830 PR
Work Order Analysis Notes Voice: 865.481.0683 Ra226
www.eberlineservices.com Run Number 1
# Date Dept User : " Notes _
1; 11/18/14 16:35 PREP LWALKER Spike and frace beakers-aliquot samples-put on stir plate and ph 1o 2,8-3.0-added Ba and Pb carriers-added
20mls Ammonium Sulfate-let stir and settle. Decant-transfer to c-tubes-centrifuge-pour off supemate and
submit precip to separations.
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Printed: 11/19/2014 1:42 PM

Page 1 of 1

&

EBERLINE

“Oak Ridge Laboratory
. 601 Scarboro-Rd. - - -

Internal Work Order

14-11095

Ra226

7 SERVICES 'Oak Ridge, TN 37830 Analysis Code
. .Voice: 865.481.0683
Work Order Analysis Notes ebérlineservices.com A 1
Date Dept user .. T _ Notes

11118114 16:35 PREP LWALKER Spike and trace beakers-aliquot samples-put on stir plate and ph to 2.8-3.0-added Ba and Ph carriers-addad
20mls Ammonium Sulfate-let stir and seftie. Decant-transfer to c-tubes-centrifuge-pour off supernate and
submit precip to separations.

1119114 13:42 CHEM RMARTZ ADDED EDTA TO SAMPLES AND LET SIT OVERNIGHT. SYRINGE FILTERED SAMPLES, ADDED

AMMONIUM SILFIDE AND ACETIC ACID TO SAMPLES. FILTERED ONTO TARRED FILTER PAPERS, LET
DRY UNDER HEAT LAMP, REWEIGHED, AND SUBMITTED TO COUNT.
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Eberline Analytical Printed: 11/20/2014 9:45 AM
Oak Ridge Laboratory Page 1 of 1

EBERLINE

SERVICES

Reagents Used in an Analysis
Réagéﬁ L - 2
D , : ST 4 Soncentration - '
015304P Ammonium Hydroxide Reagent Grade LWAILKER
015398D01 Ammonium Sulfate 200 mg/ml LWALKER 11/18/2014
015186D07 Barium Carrier o 1 mg/ml _ | LWALKER 11/18/2014
015203D01 Lead Carrier 166 mg/ml L WALKER 11/18/2014
015780P Nitric Acid _ Reagent Grade LWALKER 11/18/2014
013818P Acetic Acid Reagent Grade RMARTZ 11/19/2014
014409D01 Ammonium Sulfate 200 mg/mil RMARTZ 11/19/2014
0155008 EDTA 0.25M RMARTZ 11/19/2014

089




R

it i i e
DABLE | 1 0w (garm) [ Degh of Mol 1\ A [l s Lp s

mem LOHIBGS 105 [0k of oz, | 4\ UeMfo b - | Auid
4 W3 {M&EQ(S:L%L oh § peiTanno) |\l ok, s L
o Ea— ST Pt

LA ‘
Lol MML%LMEL&LM -'
fubsle st oAty | q7c. 208 Jehso= | Ruse [
Tl [y Wo3s Al | TEC A3 P | o (&
B ula g;«hwwwﬂﬂ)&_‘mgg&&h&_ﬁ&
W7y . G5 2y | £ =~

PR VX W0 e - Lkl | o8y Zir
| _ § i — LIt ) Siep | By, | T~
o d s ALl TE )| o te | oz | 2l

U L paaecsz) TAE | ofix AL —

&

- / //@‘Z_"L_{cg./a 7432 iqlza? S 4 } e |
(tito 231 (3 Re Dg?)i 2 hr =
L/ R e Wy e
Miﬁ%‘xﬁ:ﬁﬁ%ﬁﬂ;;&&~
" Lrnerog /., _Hyhﬂm%ﬂ;ﬁ
A- | M&M_MJ@L _
LU0 Iohewd | el [pg ';
RUGY N ST SNR VN, e




RA-228 NOTES

082




Printed: 11/18/2014 4:35 PM

Page 10of 1

EBERLINE

Oak Ridge Labofétory
601 Scarboro Rd.

Internal Werk Order

14-11095

SERVIGES Oak Ridae, TN 37830 Analysis Code
Work Order Analysis Notes Voice: :Srr;i.:si.oqg: Ra228
www.e eservices.com Run Number 1
Date Dept User Notes
11/18/14 16:35 PREP LWALKER Spike and trace beakers-aliquot samples-put on stir plate and ph to 2.8-3.0-added Ba and Pb carriers-added

20mis Ammonium Sulfate-let stir and seftle. Decant-transfer fo c-tubes-centrifuge-pour off supernate and

submit precip to separations.

118 / /
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Printed: 11/24/2014 6:39 AM : ' Page 1 of 1

Oak Ridge Laboratory Internal Work Order 14_1 1 095
EBERLINE 601 Scarboro Rd,
SeERVIcES Oak Ridae, TN 37830 )
Voice: 865.481.0683 Analysis Code Ra228

Work Order Analysis Notes

www.eb_erlineservices.com Run Number 1
# ’ Date R Dept e USGI’ : Ll [ R DT Notes .
- 11118/14 16:35 PREP LWALKER Splke and frace beakers-allquot samples put on stir plate and ph to 2.8-3.0-added Ba and Pb carriers-added

20mis Ammonium Sulfate-let stir and settle. Decant-transfer to c-tubes-centrifuge-pour off supernate and

submit precip to separations.

S 21 1112414 06:39 CHEM RMARTZ ADDED FILTER PAPERS FROM COUNT ROOM TO LABELED C-TUBES, FILLED WITH EDTA SOLUTION
AND LET SIT OVERNIGHT. REMOVED FILTER FROM EDTA-ADDED 13 DROPS CONC HNOQ3, 2MLS
YTTRIUM SMG/ML CARRIER, 2MLS 1.5MG/ML PB CARRIER, 0.3 MLS AMMONIUM SULFITE, 25 DROPS

. OFA0M SODIUM HYDROXIDE, SHAKE SAMPLES, CENTRIFUGE, POUR SUPERNATE INTO CLEAN C-
TUBE AND ADD 0.3MLS AMMONIUM SULFITE AND 2MLS 1.5MG/ML PB CARRIER, SHAKE SAMPLES,

B =CENTRIFUGE RINSE OTHER C-TUBES WITH Di-H20 THEN SYRINGE FILTER SUPERNATE BACK INTO

. ,‘RlNSED C-TUBES! "ADDED 18N NAOH TO SAMPLES AND RECORDED T1. HCT BATHED FOR 15 MIN,

) i’CENTRIFUGED AND DISCARDED SUPERNANT. ADDED 6N HNQ3, DI WATER, AND 10N NAOH. HOT
-BATHED FOR 15 MIN, CENTRIFUGED AND DISCARDED SUPERNANT. ADDED 1N HNO3, DI WATER,
AND AMMONIUM OXALATE. FILTERED ONTQ TARRED FILTER PAPERS. LET DRY UNDER HEAT LAMP,

REWEIGHED AND SUBMITTED TO COUNT.
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Eberline Analytical Printed: 11/20/2014 9:46 AM
Cak Ridge Laboratory Page 1 of L

rnal Work

EBERLINE ” S 14'11095

SERVICES

Reagents Used in an Analysis Ra228
015304P Ammonium Hydroxide Reagent Grade LWALKER 11/18/2014
015398001 Ammonium Sulfate 200 mg/ml LWALKER 11/18/2014
015186D07 Barium Carrier _ 1 mg/ml LWALKER 11/18/2014
015780P Nitric Acid _ _ Reagent Grade LWALKER 11/18/2014
015203001 L_.ead Carrier 166 mg/ml LWALKER 11/18/2014




Eberline Analytical

Printed: 11/24/2014 8:17 AM

Qak Ridge Laboratory Page 1 of 1
Internal Work Order
EBERLINE 14-11095 _
SERVICES Analysis Code L Run’
Reagents Used in an Analysis Ra228 1

TReagent | - . . Reagent . T Reagent. [ Analyst . | Date

IR e = SN S .51 Congentration - - ID Recorded
015304P Ammonium Hydroxide i~ .~ Reagent Grade LWALKER 11/18/2014
015398D01 Ammonium Sulfate: . " 200 mg/ml LWALKER 11/18/2014
015186D07 Barium Carrier 1 mg/ml LWALKER 11/18/2014
015780P Nitric Acid * Reagent Grade LWALKER 11/18/2014
015203001 Lead Carrier 166 mg/ml LWALKER 11/18/2014
013818P Acetic Acid “Reagent Grade RMARTZ 11/24/2014
014530S Ammonium Oxalate 5% RMARTZ 11/24/2014
014409001 Ammonium Sulfate 200 mg/ml RMARTZ 11/24/2014
014594S Nitric Acid N RMARTZ 11/24/2014
0145955 Nitric Acid 6N RMARTZ 11/24/2014
014370P Nitric Acid _ Reagent Grade RMARTZ 11/24/2014
014591S Sodium Hydroxide 10M - RMARTZ 11/24/2014
014456S Sodium Hydroxide 18M RMARTZ 11/24/2014
0144665 Yttrium Carrier 9 mg/mi RMARTZ 11/24/2014

-
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GROSS A/B NOTES




Printed: 11/20/2014 8:07 AM Page 10of 1

Qak Ridge Laboratory rternal Work Order 14_1 1095
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridage, TN 37830 Analysi
N ysis Code
Work Order Analysis Notes voice: 865.451,0683 GaGbT_ThSr
o .www.eberlineservices.com Run Number 1
# Date | Dept Cuser [T e T Netes
1.1 11/20/14 08:07 PREP MHIGHTOWER Ran TDS/TSS to determine aliquot. Aliqucted samples, dried, nitrated, transferred to tared planchets, dried,
‘flamed, re-weighed, and submiitted to count room

M 26 povid
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Eberline Analytical Printed: 11/20/2014 8:07 AM
Qak Ridge Laboratory Page lof &
. Internal Work Order . o
EBERLINE 14-11095
SERVICES Analy515 Code : Run
Reagents Used in an AnaIyS|s GaGbT ThSr 1
' : _R_e_:_agent L Analyst 1 Dpate -
R e R ancg_r'ttratio'r_-l'_.-'-' - IR .F Recorded:
014954D02 Nitric Acid 3N MHIGHTOWER 11/20/2014
o
|
|
i
i
|
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SECTION VI

ANALYTICAL DATA (ISOTOPIC URANIUM)

e

o




IR

o o ooy 14-11095
Analysis Sheet UuIso
Run 1
o 14-110¢ st Same. sanie
Analysis Code Uuiso 01 LCS | LCS 11/18/14 00:00 1.0000E+00
Ru;n 02 | MBL “ BLANK | 11/18/14 00:00 1.0000E+00
Date Received 11/18/2014 03 DUP  FEE-BRI-W-FADW29206L - 39 1113/14 00:00 5.0000E-01
Lab Deadline 11/24/2014 04 | DO . FEE-BREW-FADW29206L 39 11113114 00:00 5.0000E-01
Cli;t Feezor Engineering, Inc. | -
[ Project FEEBRI
] Report Level 4
A;tivity Units pCi I |
Aliguot Units |
Matrix ﬁ WA

Method EML U-02 Modified

Instrument Type Alpha Spectroscopy

Radiometric Tracer uU-232 _
B ;adiométric Sol# “ U-10a i
B Tracer Act (dpn;lg) ‘ 18.808
- Carfi-er | 1

Carrier Conc {mg/ml)

o

£ " SAF1is used for Gross Alpha and all other radionuclides. SAFZis used for Gross Beta only.  ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

Lo




Eberline Services - Printed: 11/21/2014 4:58 AM

Qak Ridge Laboratory 14-11 095 Page 2 of 3

Analysis Sheet uuiso

Run1

internal Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier |  Grav Filter Grav Filter : Grav Filter Grav Mean ! SAF SAF
Fraction Desc Aliguot (g) ACT {dpm)} Tracer (pCi) % Rec Added (ml) Tare (g} Final (g} Net (g) % Rec % Rec 1* 2*

01 | LCS | 0.6054 114 0.00 i

- i ,? ......

02 MBL 0.6055 114 0.00

03 | DUP | 06057 114 0.00 |

04 DO 0.6038 11.4 0.00 :

E
]

~ SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

= pctual mass exceeded the calibration curve range. Results should be qualified as appropriate.




-

-

Eberline Services - Printed: 11/21/2014 4:58 AM
e "o
Rug1

Internal | Sample Rough Prep Rough Prep Prep Pérep ‘[ Sep 10 Sep t0 Sep 1 l Sep t1
Fraction Desc Date By Date By Date/Time By Date/Time By
01 | LCS 11118114 16:08 | LWALKER |
02 | MBL 11/18/14 16:08 | LWALKER
| 03 | pup 1118114 16:08 | LWALKER h
| 04 DO 11118/14 16:08 | LWALKER _
e |

~ SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

b é\ctuai mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:49 PM

Oak Rkdge Laboratory Work Order: 14-11095-UUISO-1 Page 1 of 3

43 . Lab . Sample Cllent Activity . | LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc {dentification Units . Results Error Estimate MDA Known %R Flag Flag Flag Fiag
01 u-234 L.CS LCS pCift 7.24E+00| 9.22E-01] B.23E-02} 7.94E+00; 91.11 OK OK
02 U-234 MBL BLANK pCill 1.73E-03| 2.42E-02| 6.91E-02 ; OK oK
3| =
03 U-234 DUP FEE-BRI-W-FADW29206L pCifl 9.44E-01) 3.12E-01| 1.86E-01 INV OK
' 04 U-234 Do FEE-BRI-W-FADW29206L - pCiAl 1.36E+00{ 3.93E-01] 1.43E-01 OK
1t O
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/21/2014 12:49 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Qak Ridge Laborato . Page 2 of 3
S Y Work Order: 14-11095-UUISO-1 °
Lab Nuclid Sample Sample Sample Radiometric Grav Mean SAF Sep tl Sept1
Fraction uclide bPasc Date Aliquot % Rec % Rec % Rec Date/Time Date/Time
01 U-234 1.Cs 11/18/14 00:00 1.00E+00 137.98 0.00 0.00
02 U-234 MEBEL 111814 00:00 1.00E+00 121.57 0.00 0.00
gl <
03 U-234 DUP 11/13/14 00:00 5.00E-01 121.91 0.00 0.00
04 U-234 DO 11/13/14 00:00 5.00E-01 104.70 0.00 0.00
g O
(]
0| 9
@
=
3 =
T D
-
L4




Eberline Services Preliminary Data Report & Analytical Calcutations Printed: 11/21/2014 12:48 PM

Oak Ridge Lavorstory Work Order: 14-11095-UUISO-1 Page 3ol

-

i

Lab " Sample Counting Halftife . Count Bkg
Fractlon Nuclide Desc DatefTime {days) Detect Carrier Time Caunts CPM Eff
01 U-234 LCS 11/21/14 08139 A_Spec |Alpha_003{ 170.02|6.55E+02 [4.00 E-03 17.4
- 02 U-234 MBL 11/21M14 08:39 A_Spec |Alpha_004 170[1.50 E-01  |5.00 F-03 18.9
g *
03 u-234 DUP 11/21/14 08:39 A_Spec |Alpha_010 47014.16 E+01 |1.40 E-02 19.2
04 U-234 DO 11/21/14 08:39 A_Spec |Alpha_011) 170.02|5.33 E+01 |4.00 E-03 20
3| O
[&]
0 DB
[
=
3 -
N -
-
L]

Eberline Services Work Order

Client

Feezor Engineering, Inc.




Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations Printed:

11/21/2014 12:49 PM

Eherline Services Work Order

Client

Feezor Engineering, Inc.

. Page 1 0of3
Work Order: 14-11095-UUISO-1
Lab " Sample Cllent Activity . LCS LCS LCS RPD MDA Blank
Fraction Nuslide Desc Wentification Units Resuits Errar Estimate MDA Known %R Flag Flag Flag Flag
01 U-238 LCS LCS pCill 7.77E+00| 9.77E-01] 6.77E-02] T7.TAE+00| 100.33 OK OK
02 U-238 MBL BLANK pCill 7.36E-03| 3.37E-02, 7.BBE-02 CK oK
gl =
03 U-238 Dup FEE-BRI-W-FADW25206L pCift 8.27E-01] 2.87E-01] 1.55E-01 INV oK
04 u-238 DO FEE-BRI-W-FADW29206L pCiN 1.25E+00, 3.74E-01| 1.32E-01 oK
g O
o
o B
n
Sy
5 =
| =
-
L]
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Printed: 11/21/2014 12:48 PM

Eberline Services Work Crder

Client

Feezor Engineering, Inc.

Work Order: 14-11095-UUISO-1 Page2of 3
Lab Nuclide Sample Sample Sample Radiometric Grav Mean SAF Sep td Septl
Fractlon uet Desc Date Aliquot % Rec % Rec % Rec Date/Time Date/Time
01 U-238 LCS 11/18/14 00:00 1.00E+00 137.98 0.00 0.00
e 02 u-238 MBL 11/18/14 00:00 1.00E+00 121.57 0.00 0.00
g v
03 1-238 DUP 11/13/14 Q0:00 5.00E-01 121.91 0.00 0.00
04 U-238 Do 11/13/14 00:00 5.00E-01 104.70 0.00 0.00
@
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3 =
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Eberline Services

- Oak Ridge Laboratory

Preliminary Data Report & Analytical Célcuiations

Work Order: 14-11095-UUISO-1

Printed

D 11/21/2014 12:48 PM
Page 3 0f 3

Ebetline Services Work Order

Client

Feezor Engineering, Inc.

Lab . Sample Counting Halflife . Count Bkg
Fraction Nuelide Desc DatefTime {days) Detect Garrier Time Counts TPM EAt
01 U-238 LCS 11/21/44 08:39 A_Spec |Alpha_003 170.02{7.06 E+02 |3.00 E-03 174
- 02 U-238 MBEL 11/21/14 08;39 A_Spec |Alpha_004 170|6.40 E-01  |8.00 E-03 18.9
g - .
03 U-238 DuUP 11/21114 08:38 A_Spec |Alpha_010 170(3.66 E+01  |8.00 E-03 19.2
04 U-238 DO 11/21/14 08:39 A_Spec |Alpha_011| 170.02(4.85 E+01 |3.00 E-03 20
31 O '
QO
o B
w
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=
& D
-
L]

10T




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:49 PM

Oak Ridge Laboratory - Work Order: 14-11095-UUISO-1 Page 1of3

Lab Sample Client Activity LGS LCS LCS RPD MDA Blank
Fraction Nuclide Desc dentification Units Results Error Estimate MDA Known %R Flag Flag Flag Flag
01 U-235 LCS LCS pCifl 4,97E-01| 1.70E-01] 7.15E-02 oK
- 02 U-235 MBL BLANK pCiA -4.84E-03| 2.87E-02| 6.81E-D2 oK OK
3 L -
i o
03 : u-235 DUP FEE-BRI-W-FADW29206L pCil 1.026-01] 1.26E-01| 1.92E-01 NA OK
04 u-235 Do FEE-BRI-W-FADW29206L pGifl 1.56E-01| 1.51E-01| 1.87E-01 OK
gl O
O
.l
7]
oy
0 =
| -

Eberline Services Work Order

Client

Feezor Engineering, Inc.

cU1




Eberline Services

Preliminary Data Report & Analytical Calculations

: 11/21/2014 12:49 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Printed
Oak Riage Laboratory Work Order: 14-11095-UUISO-1 Page 2 of 3
Lab " Sample Sampie Sample Radiometric Grav Mean Sep to Sep t1
Fraction Nuclicle Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time " DatefTime
01 u-235 LCS 11/18/14 00:00 1.00E+00 137.98 0.00 0.00
02 U-235 MBL 11/18/14 00:00 1.00E+00 121.57 0.00 0.00
g
03 U-235 DUP 11/13/14 00:00 5.00E-01 121.91 0.00 0.00
04 u-235 Do 11/13f14 00:00 5.00E-01 104.70 0.00 0.00
3 O
0
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-UUISO-1

Printed

© 11/21/2014 12:49 PM
Page 3 of 3

Eberline Services Work Crder

Client

Feezor Engineering, Inc.

5 v Lab " Sample Counting Halflife - Count Bkg
d& Fraction Nuclide Desc DatefTime {days} Detect Carrier Time Counts cPM Eet
01 U-235 LCS 11/21/14 08:38 A_Spec |Alpha_003| 170.02{3.65 E+01 [3.00 E-03 17.4
- 02 U-235 MBL 11/21/14 08:39 A_Spec |Alpha_D04 170{-3.40 E-01 {2.00 E-03 18.9
g *
- 03 U-235 DUP 11724114 08:38 A_Spec |Alpha_010 170/3.64 E+00 |8.00 E-03 19.2
04 U-235 Do 11/21/14 08:39 A_Spec |Alpha_011] 170.02|5.00 E+00 |0.00 E+00 20
3 O
Q
o &
0
N
e -
|
-
-

AU




——tin,

cit

Count Room Report

14-11095-UUISO-1 (pCill) in WA

Printed: 11/21/2014 4:58 AM

Client: Feezor Engineering, Inc. Tracer ID: U-10a Pageefd
L &(
Internal Sample Client Sample Sample Tracer Tracer Radiometric fRadiome:ric SAF SAF
Fraction Desc iD Date Aliquot Aliquot (g) ACT (dpm) Tracer (pCi} % Rec 7* 2*
01 Lcs LCS 11/18/14 00:00 1.0000 0.6054 11.3864 0.00
" 02 MBL BLANK 11/18/14 00:00 1.0000 0.6055 11.3882 000 N
03 DUP | FEE-BRi-W—FAEMzszoeL 11/13/14 00:00 0.5000 0.6057 | 11.3920 0.00
04 DO FEE-BR-I—W—FAB@%OGL 11/13/14 00:00 0.5006 0.:6035 11.3563 0.00




Eberline Services H Page 1 of 1
Oak Ridge Laboratory Splke and Tracer Worksheet Printed: 11/18/2014 4:08 PM
T
Internal Work Order Run Analysis Code Date Technician Technicizn Initials Witness Initials
UuIsoO 11/18/2014 16:03 | LWAILLKER i
: : : : — - Fi— —éf—& :
"LCS & Matrix Spikes. “LCS | M8 | LCSD MsD | - LCS s [~ /LCSD TTOMSD
Isoto Sol# I Activity Solution Approx Volume Volume " Volume Volume Known Error Added Error Known Error Added Error
sotope o dpmig Date Addition | Used(g) Used (g) Used (g} pCi Estimate pCi Estimate pCi Estimate pCi Estimate
U-234 U-ga 35.240) 11/18/2014]  0.500|:)  0.5005|" ool 794 0286 0.00|  0.000 000/  0.000 .00, 0.000
U-238 U-8a 34.350| 11/18/2014 0.500|  0.5005 7.74 0.279 0.00 0.000 0.00 0.000 0.00 0.000
TCIO WS 122 o TTIEEE U7 TeIZ0TS oT
e L Tracers .. . SR - . Balance Printer Tapes.. -
I
: Activity Solution Volume Approx
fraction Isetope Sol # domlg Date Used(g): | Addition Tracer LCS
01 U232 - U-0a 18.808| 1111812014, . 06054 0.6400
02 | U-232 | - U102 18.808|11/18/2014). - 0.6400
03. | U-232.| U-10a 18.808[11/1812014| 0.6400 o
04, | U232 | 'Uioa 18.808[11/1812014] - oss00 | P =
' ‘ c ‘ : : A, nEDd g #.5885 9
B E65D g
. _B.6837 g
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= Printed: 11/18/2014 4:24 PM
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Work Order Run | Analysis Code Rpt Units Lab Deadline Technician
UUISO liters 11/24i12014 LWALKER
b | Feezor Engineering, Inc.| sampte |~ :Muffle Data Dilution Data ; Aliquot Data MS Aliquot Data H-3 Solids Only
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Sample Descripticn: SPIKE
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411095A-UU
Sample Identification: 01
: Sample Geometry: Shelf 2
| Procedure Description: U iso

Detector Name: Alpha_003
Chamber Serial Number:
Detector Serial Number: 3

Env. Background: System Bkgd 101685
Reagent Blank: <not performed:
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 11/21/2014 6:19:25 AM
Aequisition Date/Time: 11/21/2014 8:39:47 AM
Acgquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 wminutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.605 mL
Effective Efficiency: 0.2404 +/- 0.0125
Counting Efficiency: 0.1742 +/- 0.0031 on 10/25/2014 6:43:48 PM
Chem. Recovery Factor: 1.3798 +/- 0.0757
Control Certificate Name: NatU U-8A
Chem. Recov. of Control: U-238 0.978035 +/- 0.069248
Peak Match Tolerance: 0.150 MeV
————— PEAK AREA REPCRT -

Energy Net Pk Area Ankient Reagent FWHM
Nuclide {(MeV} Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.283 462.32 9,12 0.68 0.00E+000 14.9
U-234 4,736 655.32 7.66 0.68 0.00E+000 37.1
J-235 4.385 36.49 32.71 0.51 ¢.00E+000 5.0
U-238 4,152 706.49 7.38 ¢.51 0.00E+000C 58.4

Id Energy Activity _ MDA

Nuclide Conf. (keV)} (pCi/liter ) (pCi/liter }

U-232 0.997 5302.50%* 5.11E+000 +/- 5.20E-001 6.23E-002 +/~ 6.34E-003
U-234 0.996 4761 .50%*% 7.24E+000 +/- 9.22E-001 6.23E-002 +/- 6.34E-003
J-235 1.000 4385.,50% 4.97E-001 +/- 1.70E-001 7.15E-002 +/- 7.28E-003
Ug-238 0.992 4184 .40% 7.77E+000 +/- 9.77E-001 5.77E-002 +/- 5.87E-003
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Channel Data Report

Channel |
1:
9:

17:

25:

33:

471 :
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89:

97:
105;
113:
121:
129:
137:
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193:
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209:
217:
225:
233:
241 :
249:
257
265:
273
281:
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297:
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313:
321:
329:
337:
345:
353:
36l:

11/21/2014 11:34:55 AM
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FEkkk SPECTRAL DATA REPORT kokkk ok
hkkhk Ak Rk h kR kA kkkhkhhkhh kX Ak Rk kR A AR T A R I IR kR A AR A AT Ak hdd %

Sample Title: 01
Elapsed Live time: 10201
Elapsed Real Time: 10201
o Rt R = mmee [-mmmme |- --- | --me - |-~
10201 10201 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0]
0 0 0 0 0 0 0
1 0 0 0 0 0 0
0 1 0 0 0 1 0
4] 0 0 0 1 0 0
1 0 0 0 0 0 0]
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 1 1 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 1
0 1 0 0 0 g 0
0 0 1 0 0 2 0
0 1 0 2 0 0 1
0 1 2 0 0 0 1
2 0 0 1 2 1 4
1 1 2 2 0 2 2
0 2 2 1 2 2 3
0 2 5 2 4 3 4
S 5 6 2 5 4 12
9 3 12 10 11 13 14
19 12 12 16 9 20 21
17 24 25 16 25 23 27
21 18 21 20 22 18 ie6
14 14 4 6 0 1 0
0 0 0 0 1 0 1
0 0 0 0 0 0 0
0 1 1 0 0 0 0
0 1 1 0 0 0 0
0 2 3 1l 0 0 1
0 1 0 1 2 0 0
1 1 2 4 1 0 1
2 0 1 0 1 0 1
0 0 1 1 0 1 0
0 0 1 1 0 0 0
0 0 0 0 a 1 1
0 0 0 0 0 0 0
0 0 0 1 0 2 0
0 1 1 1 1 1 1
2 2 2 0 0 1 2
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<NApex-Alpha oS

\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
1411095A-UU

Sample Description:
Spectrum File:
Batch Identification:

Sample Identificatiomn: 02

Sample Geometry: Shelf 2
Procedure Description: U iseo
Detector Name: Alpha_ 004
Chamber Serial Number:

Detector Serial Number: 4

System Bkgd 101686
znot performed>

Env. Background:
Reagent Blank:

1.000E+000 +/- 0.000E+000 liter
11/21/2014 6:19:25 AM
11/21/2014 8:39:48 AM

170.0 minutes

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Boqguisition Live Time:

Acquisition Real Time:

Tracer Certificate:

170.0 minutes

U232_UU-102

Tracer Quantity: 0.605 mL
Effective EBfficiency: 0.2300 +/- 0.0L22
Counting Efficiency: 0.1892 +/- 0.0033 on 10/25/2014 6:43:53 PM
Chem. Recovery Factor: 1.2157 +/~ 0.0676
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —m————

Energy Net Pk Area Ambient Reageht FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd {kev}
U-232 T 5.279 442 .49 9.32 0.51 0.00E+000 24 .4
U-234 4.726 0.15 1397.7 0.85 0.00E+00C 2.9
U-235 4.397 -0.34 592.81 0.34 0.00E+000 0.0
U-238 4,232 0.64 457 .43 1.36 0.00E+000 2.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ——=-
1d Energy Activity MDA

Nuclide  Conf. {keV) (pci/liter ) {pCi/liter )
U-232 0.996 5302.50% 5,11E+000 +/- 5.29E-001 6.06E-002 +/- 6.27E-003
U-234 0.991 4761 .50% 1.73E-003 +/- 2.42E-002 6.91E-002 +/- 7.16E-003
U-235 0.999 4385.50% -4.84E-003 +/- 2.87E-002 6.81E-002 +/- 7.05E-003
U-238 0.984 4184 .40% 7.36E-003 +/- 3.37E-002 7.98E-002 +/- 8.16E~-003
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Channel Data Report
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Fhkkk SPECTRAL DATA REPORT khkkE
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Sample Title: 02
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Sample Title: 02
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Numbex:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acqguisition Date/Time:
Acquigition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha”

FEE-BRI-W-FADW29206L-DUP
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030

1411095A-00U
03

Shelf 2

U iso

Alpha 010

10

System Bkgd 101687
<not performed>

5.000E-001 +/- 0.000E+000

11/13/2014 6
11/21/2014 8

:19:25 AM
:39:45 AM

170.0 minutes
170.0 minutes

U232_UU-10A
0.606 mL
0.2342 +/- 0

0.1921 +/- 0.0033 on 10/25/2014

.0123

liter

6:44:30 PM
Reagent FWHM
Backgnd {keV)
0.00E+000 8.8

0.00E+000 4.4
0.00E+000 2.9
0.00E+0Q00 8.0

1.2191 +/- 0.0675
0.150 MeV
PEAK AREA REPORT
Energy Net Pk Area Ambient

Nuclide (MeV) Pk Area Error % Backgnd
U-232 T 5.274 450.60 9.27 3.40
U-234 4.724 41.62 31.38 2.38
TJ-235 4,356 3.64 123.16 1.36
U-238 4.144 36.64 33.08 1.36

2.10E-001
1.86E-001
1.92E-001

MDA

2.17E-002
1.92E-002
1.98E-002

————— NUCLIDE ANALYSIS RESULTS
Id Enerqgy Activity
Nuclide  Conf. (keV) {(pCi/liter )
U-232 0.994 5302.50% 1.02E+001 +/- 1.05E+000
U-234 0.%90 4761.50% 9.44E-001 +/- 3.12E-001
U-235 0.994 4385 ,50% 1.02E-001 +/- 1.26E-001
U-238 0.988 4184 .40* 8.27E-001 +/- 2,87E-001

Ag
jfll] ¥

1.55E-001

1.60E-002
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11/21/2014 11:35:09 AM
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Apex-Alpha

Sample Description: FEE-BRI-W-FADW29206L
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411085A-UU
Sample Identification: 04
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 011
Chamber Serial Number:
Detector Serial Number: 11
Env. Background: Bystem Bkgd 101688
Reagent Blank: <not performed:
Sample Size: 5.000E-001 +/- ©.000E+000 litex
Sample Date/Time: 11/13/2014 6:19:25 AM
Acqguisition Date/Time: 11/21/2014 8:39:46 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.604 mL
Effective Efficiency: 0.2098 +/- 0.0115
Counting Efficiency: 0.2004 +/- 0.0035 on 10/25/2014 6:44:33 PM
Chem. Recovery Factor: 1.0470 +/- 0.0603
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.273 402,49 9.78 0.51 0.00E+000 20.3
U-234 4,726 53.32 27.04 0.68 0.00E+000 3.8
U-235 4.421 5.00 96.02 0.00 0.00E+000 2.6
U-238 4.151 49.49 28.03 0.51 0.00E+000 3.1

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf (keV} {pCi/liter } {pCci/liter )
U-232 0.994 5302.50% 1,02E+001 +/- 1.10E+000 1.33E-001 +/- 1.43E-002
U-234 0.991 4761.50% 1.35E+000 +/- 3.93E-001 1.43E-001 +/- 1.54E-002
U-235 0.921 4385,50% 1.56E-001 +/- 1.51E-001 1.87E-001 +/- 2.02E-002
U-238 6.992 4184 .40% 1.25E+000 +/- 3.74E-001 1.32E-001 +/- 1.42E-002

/o /1
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Channel Data Report
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IRk AE SPECTRAL DATA REPORT Tk kKK
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Apex-Alpha

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

Date :11/21/2014
Time : 5:20:12 AM

11/21/2014 5:20:12 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done

i Alpha 003 21f ALL Passed 11/21/2014 5:00:18 AM
Alpha 004 21f ALL Passed | 11/21/2014 5:00:19 AM
Alpha 005 21 ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 0067 21f ALL Not Done
Alpha 008 21 ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 11/21/2014 5:00:20 AM
Alpha 011 21f ALL Passed 11/21/2014 5:00:21 AM
Alpha 012 21f ALL Passed 11/21/2014 5:00:21 AM
Alpha 013 21f ALL Not Done
Alpha 014 21f ALL Passed 11/21/2014 5:00:22 AM
Alpha 015 21f Peak FWHM Action 11/21/2014 5:00:23 AM
Alpha 016 21f ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:24 AM
Alpha 034 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:00:26 AM
Alpha 033 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:27 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:29 AM
Alpha 037 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:30 AM
Alpha 033 Alpha Analystl00DC ALL Passed 11/21/2014 5:00:32 AM
Alpha 039 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:33 AM
Alpha 040 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:35 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:37 AM
Alpha 042 Alpha Analyst]100DC ALL Passed 11/21/2014 5:00:359 AM
Alpha 043 Alpha Analyst100DC ALL Pagsed 11/21/2014 5:00:40 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:42 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:43 AM
Alpha 046 Alpha Analyst100DC ALL Passetd 11/21/2014 5:00:45 AM
Alpha_ 047 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:47 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:49 AM
Alpha 049 Alpha Analyst100DC ALL r Passed 11/21/2014 5:00:50 AM
Alpha 050 Alpha Analyst100DC ALL X Passed 11/21/2014 5:00:52 AM
Alpha 051 Alpha Analyst100DC ALL Y\, Passed 11/21/2014 5:00:53 AM
Alpha 052 Alpha Analyst100DC ALL \ Passed 11/21/2014 5:00:56 AM -
Alpha 053 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:58 AM
Alpha 054 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:00 AM
Alpha 055 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:01:03 AM
Alpha 056 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:06 AM
Alpha 057 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:08 AM
Alpha 058 Alpha Analyst100DC ALL Passed. 11/21/2014 5:01:11 AM
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Review of QA Results - Pulser Check

Page 2 of 2
11/21/2014 5:20:12 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:14 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:17 AM
< —
APPROVED BY:

APPROVALDATE: (12—

1239




Library L

isting Report 6/12/12 12:17:04 PM page 1

*************************************************************************

Fhkk LIBRARY LISTING RETP ORT Fhakk
*********************************i***************************************
Nuclide Library Title: Uranium

Nuclide Library Description: U-232,-234,~235,-238

Nuclide
Name

U-232
U-234
U-235
U-238
,* = key

TOTALS:

Half-Life Energy Energy Yield Yield
{Seconds) (kev ) Uncert. (keV } (%) Uncert. (Abs.+-)
2.174E+009 5302.500%* 0.000 99.8000 0.0000
7.731E+012 4761.500% 0.000 99.8000 0.0000
2.221E+016 4385.500% 0.000 80.2000 0.0000
1.410E+017 4184.400% 0.000 100.2300 0.0000
line
4 Nuclides 4 Energy Lines

%%
,QQ




SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)
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0o

E)EE:%E?ZQS;E%}::; tory 1 ‘_“r _I;!I ; 2)95 Printed: 11121[20;: ;—;519 ‘;I\g
Run1
Work Order e | Some |
Analysis Code ThiSO 01 LCcs LCS 11/18/14 00:00 1.0000E+00
Run 02 | MBL BLANK 11/18/14 00:00 1.0000E+00
Date Received 11/18/2014 03 DUP FEE-BRI-W-FADW29206L 39 11113114 00:00 5.0000E-01
Lab Deadline 11/24/2014 04 DO FEE-BRI-W-FADW29206L 39 11/13/14 00:00 5.0000E-01
Elgent Feezor Engineering, Inc. ‘ W ‘A o
Proje:.:“tm FeesRl || |
 Report Levet | 4 * ]
Activity Units | “pCi ] 7
Aliguot Umts o | ) _
Matix | WA ’ ]
Method | EML Th-04 Modified o |
i Instrum;tm‘_l:;;; Alpha Spectroscopy |
Radiometric Tra_(":_t;rm” 7- Th-229
Radiometric Sol# Th-18a ) 7
Tracer Act {dpm-!g;m 2244 B

Carrier Conc (mg/mi}

Carrier

* BAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

* actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Eberline Services R Printed: 11/21/2014 4:59 AM
Oak Ridge Laboratory 14-11095 Page 2 of 3
Analysis Sheet ThiSO
Run1
Internal | Sample Tracer Tracer Total Radiometric 1 Radiometric | Grav Carrier |  Grav Filter L Grav Filter Grav Filter Grav Mean SAF SAF
Fracfion Desc Aligquot (g} ACT (dpm) Tracer {pCi) % Rec Added (mi) Tare (g) Final {g) Net (g) % Rec % Rec | 1* 2*
|
|
01 LCS 0.4455 10.0 0.00 g
02 MBL 0.2237 5.0 0.00
03 DUP 0.2239 . 5.0 0.00
04 DO 0.2239 5.0 0.00

* SAF1 is used for Gross Alpha and ali other radionuclides. SAF2 is used for Gross Beta only.

« petual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Printed: 11/21/2014 4:59 AM

Eberline Services 14-41095
Oak Ridge Laborat P 30f3
Analys‘iis!;,SheetIDra ° ThiSO agese
Run 1

Internal | Sample Rough Prep Rough Prep | Prep Prep Sep 10 Sep t0 Sep t1 Sep
Fraction Desc Date By : Date By Date/Time By Date/Time By

01 LCS 11/18/14 15:592 | LWALKER

02 MBL 11/18/14 16:59 | LWALKER

03 DUP L 11/18/14 15:58 = LWALKER

DO 11/18/14 15:59 ¢ LWALKER

04

A

* SAF1 is used for Gross Alpha and all other radienuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:48 PM

Eherline Services Work Order

Client

. wma

Feezor Engineering, Inc.

Work Order: 14-11095-ThiSO-1 Page 1 of3
Lab . Sample Client Activity " LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Results | Error Estimate) MDA Known %R Flag Flag Flag Flag
o1 TH-228 LCS Lcs pCifl 5.04E+00] B.42E-01| 1.20E-01| 5.10E+00|  98.83 CK OK
- 02 TH-228 MBL BLANK pCiil -212E-02| 6.74E-02| 1.46E-01 OK OK
= F
o
03 TH-228 pup FEE-BRI-W-FADW29206L pCirt 1.01E+00| 4.42E.01] 2.72E-01 NA OK
04 TH-228 DO FEE-BRI-W-FADW29206L pCifl 9.39E-01; 3.64E-01| 1.89E-01 oK
o !
g O
2| N
g —
3 L
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Eberline Services

Preliminary Data Report & Analyticai Caiculations

Printed: 11/21/2014 12:48 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Oak Ridge Laborato ' Page 20f 3
g i Work Order: 14-11095-ThISO-1 d
Lab . Sample Sampie Sample Radiometric Grav Mean Sep 10 Sep t1
Fraction Nuclicle Desc Date Aliquot % Rec % Rec % Rec SAF Date/TIme DatefTime
01 TH-228 LCS 11/18M4 00:00 1.00E+00 91.51 0.00 0.00
02 TH-228 MBL 11/18/14 00:00 1.00E+00 109.68 0.00 0.00
§| - -
03 TH-228 pup 11/13/14 00:00 5.00E-01 96.88 0.00 0.00
04 TH-228 Do 11/13/14 00:00 5.00E-01 103.47 0.00 0.00
Q
i1 O
w| O
g,‘ —
3| =
& b=
-
L3
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Eberline Services
QOak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-ThiISO-1

Printed: 11/21/2014 12:48 PM
Page 3of3

Eberine Services Work Order

Client

Feezor Engineering, Inc.

Lab . Sampie Counting Halftife . Count Bkg
Fraction Nucllde Desc Date/Time (days} Detect Carrier Time Counts CPM Eff
01 TH-228 LCS 11/21/14 08:40 A Spec |Alpha_012| 170.02i3.37 E+02 |1.30 E-02 19.4
. 02 TH-228 MEL 11/21/14 08:40 A_Spec |Alpha_014| 170.02}-1.61 E+00 |3.30 E-02 18.4
= g
tc
‘ 03 TH-228 DUP 11/21/14 08:40 A_Spec |Alpha_01§ 170|2.65 E+01  |9.00 E-03 14.4
04 TH-228 Do 11/21/14 08:40 A _Spec |Alpha_033 170(3.28 E+01 |7.00 E-03 18
1]
g O
5
g ———
3 o
< l"""
-
L]
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Eberline Services

Eherline Services Wark Order

Client

Feezor Engineering, Inc.

Preliminary Data Report & Anailytical Calculations Printed: 11/21/2014 12:48 PM
Oak Ridge Laboratory . Page 1 of3
Work Order: 14-11095-ThiSO-1 9
Lab . Sample Client Activity . LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc identification Units Resuits Error Estimate MDA Known %R Flag Flag Flag Flag
01 TH-230 LCS LCS pCiil 5.21E+00| 8.65E-01| 8.98E-02| 5.37E+00| 97.15 OK OK
- 02 TH-230 MBL BLANK pCiAl 1.38E-01 9.30E-02] 9.35E-02 OK OK
3 -
o
03 TH-230 DUP FEE-BRI-W-FADW29206L pCill 1.82E+00 B.21E-01} 1.59E-01 OK OK
04 TH-230 Do FEE-BRI-W-FADW29206L pCift 1.60E+00| 4.98E-D1| 1.70E-01 OK
L]
IR
al O
'g ——
E g
< fo
-
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Eberline Services

0 112172014 12:48 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Preliminary Data Report & Analytical Calculations Printed
Cak Ridge Laboratory . Page 2 of 3
, Work Order: 14-11095-Thi1SO-1
Y, Lab . Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF DatelTime DatefTime
01 TH-230 - LCS 11/18/14 00:00 1.00E+00 91,51 0.00 0.00
02 TH-230 MBL 11/18/14 00:00 1,00E+00 109.68 0.00 0.00
g =
03 TH-230 DupP 11/43/14 00:00 5.00E-01 96.88 0.00 0.00
04 TH-230 Do 1113114 00:00 5.00E-01 103.47 0.00 0.00
1]
g O
2| @
g —
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-ThiSO-1

Printed: 11/21/2014 12:48 PM
Page 3 of 3

Lab Sample Counting Halflife - Count Bkg
Fraction Nuclicke Desc Date/Time (days} Detect Carrier Time Counts cPM Eff
01 TH-230 LCS 11/21/14 08:40 A_Spec |Alpha_012| 170.02|3.48 E+02 0.00 E+00 19.4
- 02 TH-230 MBL 1121114 08:40 A_Spec |Alpha_014| 170.02(1.05E+01 [9.00 E-03 18.4
g| =
. 03 TH-230 DUP 11/21/14 08:40 A_Spec |Alpha_015 170(4.78 E+01  |{1.00 E-03 14.4
: 04 TH-230 DO 11/21/14 08:40 A_Spec |Alpha_033 170|6.62 E+01  |5.00 E-03 18
) @
: E O
o N
i E o~
i 3 L
< | o
-
-

Ebetline Services Work Order

Client

Feezor Engineering, Inc.




Eberline Services Work Order

Client

Feezor Engineering, Inc.

Eberiine Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:48 PM
Oak Ridge Laboratory . Page 10of 3
Work Order: 14-11095-ThiSO-1
Lab " Sample Client. Activity . Lcs LCS LCS RPD MDA Blank
Fraction Nuclide Desc Idantification Units Resuits Error Estimate . MDA Known %R Flag Flag Flag Flag
01 TH-232 Lcs Lcs pCiil 6.00E+00| 8.36E-01| 7.85E-02| 5.10E+00| B98.09 OK oK
- 02 TH-232 MBL BLANK pCifl 1.51E-02] 3.78E-02{ 7.B6E-02 OK oK
3 -
4
03 TH-232 DUP FEE-BRI-W-FADW29206L pCifl 6.07E-01, 3.27E-01| 2.27E-01 NA OK
04 TH-232 Do FEE-BRI-W-FADW29206L pCifl 8.53E-01| 2.93E-01 1.70E-01 oK
o]
-
2l B
g T—
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Eberiine Services

Preliminary Data Report & Analytical Calculations

Printed: 11/21/2014 12:48 PM

Eberline Services Work Order

Client

Feezor Engineering, inc.

Oak Ridge Laboratory , Page 2 of 3
Work Order: 14-11095-ThiSO-1 J
Lab Sample Sample Sample .Radlometric Grav Mean Sep t0 Sep 1
Fraction Nuclide Dasc Date Aliquot % Rec % Rec % Ret SAF DatefTims Date/Time
01 TH-232 LCS 11/18/14 00:00 1.00E+00 91.5% 0.00 0.00
02 TH-232 MBL 11718114 00:00 1.00E+00 109.68 0.00 0.00
g v
03 TH-232 DUP 11/13/14 00:00 5.00E-01 96.88 0.00 0.00
04 TH-232 als] 1113114 00:00 5.00E-01 103.47 0.00 0.00
-}
g O
2! D
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-
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Eberline Services

Qak Ridge Laboratory

Préliminary Data Report & Analytical Calculations

Workr Order: 14-11095-ThiSO-1

Printed: 11/21/2014 12:48 PM

Client

Eberline Services Work Order

Feezor Engineering, Inc.

Lab Sample Counting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time (days) Dstact Carrier Time Counts cPM Eff
01 TH-232 LCS 11/21/14 08:40 A_Spec [Alpha_012| 170.02|3.34 E+02 |3.00 E-03 19.4
- 02 TH-232 MBL 11/21/114 08:40 A_Spec |Alpha_014] 170.02{1.15 E+00 |5.00 E-03 18.4
2
& ~
03 TH-232 DuP 11/21/14 08:40 A_Spec |Alpha_015 170|1.60 E+01  |0.00 E+00 14.4
04 TH-232 DO 11/21/14 08:40 A_Spec |Alpha_033 170{2.30 E+01 |0.00 E+00 18
a
t O
ol &N
g —_—
3 L
< I"""
-
A

Page 3 of 3




Printed: 11/21/2014 4:59 AM

Count Room Report 14-11095-ThiSO-1 (pCi/l) in WA

. - . Page 1 0f1
Client: Feezor Engineering, Inc. Tracer ID: Th-18a
Internal ; Sample j Client Sample Sample Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Date Aligiot Aliquot (g} ACT (dpm) Tracer (pCi} % Rec K 2*
(’V 01 LCS LCS 11/18/14 00:00 1.0000 0.4455 10.0077 0.00
(@qﬂ 02 MBL. BLANK 11/18/14 00:00 1.0000 0.2237 5.0252 0.00
\ 03 DUP FEE-BRI-W-FADW25206L 11/13/14 00:00 0.5000 0.2239 5.0297 0.00 !
47 _’ 04 DO . i FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.2238 5.0297 0.00
|
e L
[ | _
_ } - _ ,,t‘ ]
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Eberline Services Spike and Tracer Worksheet Page 1 of 1

Cak Ridge Laboratory Printed: 11/18/2014 3:59 PM
Internal Work Order Run Analysis Code Date Technician Technicign Initigls Witness Initials
ThiSO 11/18/2014 15:51 LWALKER
— — . I—— S S e
" LCS & Matrix Spikes [Cs | ™S | LCSD MSD LGS, WS | | JcsD )
tsotope Sal # Activity | Solution Approx Volume Volume Volume Volume Known Error Added Error Known Error Added Error
P dpm/g Date Addition Used (g} Used (g} Used (g) Used (g) pCi Estimate pCi Estimate pCi Esfimate pCi Esfimate
Th-228 Th-8b 103.560| 11/18/2014 0.100 J0a0e3) ' 1 5.10 0.184 0.00 0.000 0.00 0.000 0.00 0.000
Th-230 Th-1b 23525 11/18/2014 0.500 ~0.5063)| 5.37 0.145 0.00 0.000 0.00 0.000 0.00 0.000
Th-232 Th-8b 103.560] 1171812014 0.100{  :0.1093 5.10 0.184 0.00 0.000} 0.00 0.000 0.00 0.000
1 c-9d WMo [EE] Z2043.688 107 16/2013 [EA) —
' L Tracers = = - S “Balance Printer Tapes
. Activity Solution Volume Approx
fraction Isotope Sol # domig " pate Used (g} Addition Tracer ; : LCS
01 i Th-229 | Th-18a 22.464|11M8/2014|* ~ 0.4485 0.2200 { -
02 . |: Th-229 | Th18a 22,464/ 11182014} - .0.2237° 0.2200 | ..
037 . ) Th-229 | Th-8a. | 22.464 11"1"1.&;.(2'_'0714.= . 0.2239 0.2200
04 | Th-229 | Thisa 22.464]11/18/2014| * . "02238 |  0.2200 |. @731 o
L : : — fa,o8ned g
- @, 4455 9 :
| i #, 2737 9
A, 3% g
B 2439 g
Matrix Spike
N
-

{Jl Version 2.0 08/99




Eberline Analytical . Printed: 11/18/2014 4:03 PM
Osk Ridge Laboratory Aliquot Worksheet Page 1 of 1

Work Order Run | Analysis Code Rpt Units Lab Deadline Technician

ThISO liters 11/24/12014 LWALKER
lap | FeezorEngineering, Inc.| sample | Muffle Datd | Dilution Data . AliquotData =~ . MS Aliquot Data .. H-3 Solids Only
: Fraction S Ratios - PRTEREN) R o ST R Water Added H3 Dist
! ~Clent 1D Type - No.of Dils..| . ::Dil Factor::." Ratio - Aliquot 4 Net Eqirivii Aliquot {mi) Alig
i 01 - LCS : L.CS . S R : - 1.0000E+00} % 1/0000E+00
i 02 "~ BLANK | mBE- [ 1.0000E+00]" - .1,0060E+00| .
: 03 | FEE-BRI-W-FADW29206L | “DUP 5.0000E-01|: /. 5:0000E-0% Lo

04 | FEE-BRI-W-FADW28206L | DO |
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Sample Descriptiom: SPIKE
Spectrum File:

Batch Identification: 1411095A-TH

Sample Identification: 01

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 012
Chamber Serial Number:

Detector Serial Number: 12

System Bkgd 101689
<not performeds

Env. Background:
Reagent Blank:

1.000E+000 +/- 0.000E+000 liter
11/21/2014 6:24:56 BM
11/21/2014 8:40:18 AM

170.0 minutes

170.0 wminutes

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate: Th229 TH-18A

\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030

Tracer Quantity: 0.445 mL
Effective Efficiency: 0.1772 +/- 0.01l6
Counting Efficiency: 0.1936 +/- 0.0034 on 10/25/2014 6:44:33 PM
Chem. Recovery Factor: 0.9151 +/- 0.0620
Control Certificate Name: NatTh Th-8
Chem. Recov. of Control: TH-232 0.980857 +/- 0.088709
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ————

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
TH-227 5.795 13.15 56.06 0.85 0.00E+000 3.0
TH-228 5.353 336.79 10.72 2.21 0.00E+000 8.1
TH-229 T 4.873 301.49 11.30 0.51 0.00E+000 9.8
TH-230 4,615 348.00 10.52 0.00 0.00E+000 26.7
TH-232 3,940 334.49 10.73 0.51 0.00E+000 12.4

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE AWALYSIS RESULTS ———--
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/literxr ) {pCi/liter )
TH-227 0.984 5850.00%* 2.02E-001 4/- 1.16E-00L $.18E-002 +/- 1.18E-002
TH-228 0.988 5400.00% 5.04E+000 +/- 8.42E-001 1.208-001 +/- 1.53E-002
TH-229 1.000 4872.00% 4.53E+000 +/- 5.81lE-001 7.88E-002 +/- 1.01lE-002
TH-230 0.983 4672.00% 5.21E+000 +/- 8.65E-001 8.98E-002 +/- 1.15E-Q02
TH-232 0.983 3957.00% 5.00E+000 +/- 8.36E-001 7.85E-002 +/- 1.01E-002
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BLANK

Sample Description:
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411095A-TH

Sample Identification: 02

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 014

Chamber Serial Number:

Detector Serial Number: 14

Env. Background: System Bkgd 101690
Reagent Blank: <not performeds:

0.000E+000 liter
6:24:56 AM

Sample Size: 1.000E+000 +/-

Sample Date/Time:

Acquisition Date/Time:
Acquisition Live Time:
Acguisgition Real Time:

Tracer Certificate:

11/21/2014
11/21/2014 8:40:19 AM
170.0 minutes
170.0 minutes

Th229 TH-18A

Tracer Quantity: 0.224 mL
Effective Efficiency: 0.2019 +/- 0.0167
Counting Efficiency: 0.1840 +/- 0.0032 on 10/25/2014 6:45:28 PM
Chem. Recovery Factor: 1.0968 +/- 0.0928
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ————-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Erroxr % Backgnd Backgnd (keV}
TH-227 5.799 2.80 201.29 5.10 0.00E+000 5.9
TH-228 5.277 -1.61 270.88 5.61 0.00E+000 2.9
TH-229 T 4.876 172.45  15.05 2.55 0.00E+000 3.8
TH-230 4,660 10.47 65.55 1.53 0.00E+000 2.9
TH-232 4.069 1.15 249.60 0.85 0.,00E+000 5.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS —————
Id Energy Activity MDA

Nuclide Conf {keVv}) (pCi/liter ) {(pCi/liter )
TH-227 0.986 5850.00% 3.90E-002 +/- 7.88E-002 1.45E-001 +/- 2.35E-002
TH-228 0.924 5400.00*% -2.12E-002 +/- 5.74E-002 1.46E-001 +/- 2.37E-002
TH-229 1.000 4872.00% 2.27E+000 +/- 3.69E-001L 1.11E-001 +/- 1.80E-002
TH-230 0.999 4672.00% 1.38E-001 +/- 9.30E-002 9.35E-002 +/- 1.52E-002
TH-232 0.973 3597.00% 1.51E-002 +/- 3.78E-002 7.86E-002 +/- 1.28E-002
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Channel Data Report
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__Shpex-Alpha”

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguigition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

FEE-BRI-W-FADW29206L-DUP
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
1411095A-TH

03

Shelf 2

Th iso

Alpha 015

15
System Bkgd 101631
<not performed>

5.000E-001 +/- 0.000E+000 liter
11/13/2014 6:24:56 AM
11/21/2014 8:40:20 AM

170.0 minutes

170.0 minutes

Th229_TH-18A

Tracer Quantity: 0.224 wmL
Effective Efficiency: 0.1398 +/- 0.0135
Counting Efficiency: 0.1443 +/- 0.0026 on 10/25/2014 6:45:48 PM
Chem. Recovery Factoxr: 0.9688 +/- 0.0954
Peak Match Tolerance: 0.175 MeV

----- PEAK AREA REPORT m——--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV}
TH-227 5.818 3.15 126.67 0.85 0.00E+000 3.0
TH-228 5.354 26 .47 39.36 1.53 0.00E+000 3.7
TH-229 T 4.871 119.48 17.28 0.51 ¢.00E+00QQ 6.0
TH-230 4.648 47.83 28.40 0.17 0.00E+Q00 4.3
TH-232 3.959 16.00 50.51 0.00 0.00E+000C 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ————
Id Energy Activity MDA

Nuclide Conf. {keV) {pCi/litexr ) (pci/liter )
TH-227 0.995 5850.00%* 1.23E-001 +/- 1.57E-001 2.33E-001 +/- 4.42E-002
TH-228 0.989% 5400, 00%* 1.01E+000 +/- 4.42E-001 2.72E-001 +/- 5.16E-002
TH-229 1.000 4872.00% 4.55E+000 +/- 8.64E-001 2.00E-001 +/- 3.79E-002
TH-230 0.997 4672,00%* 1.82E+000 +/- 6.21E-001 1.59E-001L +/- 3.01E-002
TH-232 0.992 3997.00% 6.07E-001 +/- 3.27E-001 2.27E-001 +/- 4.31E-002
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_==Apex-Alpha” oy

W
Sample Description: FEE-BRI-W-FADW29206L
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411095A-TH
Sample Identification: 04
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 033
Chamber Serial Number: 04026479A
Detector Serial Number: 91132
Env. Background: System Bkgd 101692
Reagent Blank: <not performed:
Sample Size: 5.000E-001 +/- 0.000E+000 litex
Sample Date/Time: 11/13/2014 6:24:56 BM
Acquisition Date/Time: 11/21/2014 B8:40:33 AM
Acguisition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: Th229_TH-18A
Tracer Quantity: 0.224 mL
Effective Efficiency: 0.1867 +/- 0.0159
Counting Efficiency: 0.1805 +/- 0.0032 on 10/25/2014 2:26:3% PM
Chem. Recovery Factor: 1.0347 +/- 0.089%
Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Muclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.813 4.66 94 .59 0.34 0.00E+000 3.0
TH-228 5.354 32.81 34,94 1.19 0.00E+000 3.7
TH-229 T 4.887 159.66 15.53 0.34 0.00E+G00 6.9
TH-230 4,641 56.15 26.39 0.85 0.00E+000 4.0
TH-232 3.984 23.00 41.75 0.00 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -————
Id Energy Activity MDA
Nuclide Conf. {keV) {pCi/liter ) {pCi/liter )
TH-227 0.993 5850.00%* 1.36E-001 +/- 1.30E-001 1.39E-001 +/- 2.32E-002
TH-228 0.989 5400.00%* 9.39E-001 +/- 3.64E-001 1.89E-001 +/- 3.15E-002
TH~-229 0.999 4872.00%* 4,55E+000 +/- 7.59E-001 1.36E-001 +/- 2.27E-002
TH-230 0.995 4672.00%* 1.60E+000 +/- 4.98E-001 1.70E-001 +/- 2.84E-002
TH-232 0.999 3597.00% 6.53E-001 +/- 2.93E-001 1.70E-001 +/- 2.84E-002
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Channel Data Repoxrt
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- Page1 of 2
11/21/2014 5:20:12 AM

~Apex-Alpha”

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

Date :11/21/2014
Time : 5:20:12 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 11/21/2014 5:00:18 AM
Alpha 004 211 ALL Passed 11/21/2014 5:00:19 AM
Alpha (05 218 ALL Not Done
Alpha 006 21 ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 211 ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 11/21/2014 5:00:20 AM
Alpha 011 21 ALL Passed 11/21/2014 5:00:21 AM
Alpha 012 21f ALL Passed 11/21/2014 5:00:21 AM
Alpha 013 21f ALL Not Done
Alpha 014 211 ALL Passed 11/21/2014 5:00:22 AM
Alpha 0135 21f Peak FWHM Action 11/21/2014 5:00:23 AM
Alpha 016 21 ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:24 AM
Alpha 034 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:00:26 AM
Alpha 035 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:27 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:29 AM
Alpha 037 Alpha Analyst]00DC ALL Passed 11/21/2014 5:00:30 AM
Alpha 038 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:32 AM
Alpha 039 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:33 AM
Alpha 040 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:35 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:37 AM
Alpha 042 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:39 AM
Alpha 043 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:40 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:42 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:43 AM
- Alpha_046 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:45 AM
Alpha_ 047 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:47 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:49 AM
Alpha 049 Alpha Analyst100DC ALL . Passed 11/21/2014 5:00:50 AM
Alpha 050 Alpha Analyst100DC ALL X Passed 11/21/2014 5:00:52 AM
Alpha 051 Alpha Analyst100DC ALL VY %\; ' Passed 11/21/2014 5:00:53 AM
Alpha 052 Alpha Analyst100DC ALL ) Passed 11/21/2014 5:00:56 AM -
Alpha 053 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:58 AM
Alpha 054 Alpha Analyst100DC ALL Passed . 11/21/2014 5:01:00 AM
Alpha 055 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:01:03 AM
Alpha 056 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:06 AM
Alpha 057 Alpha Analyst100DC ALL Passed 11/21/2014 5.01:08 AM
Alpha 058 Alpha Analyst100DC ALL Passed. 11/21/2014 5:01:11 AM




Page 2 of 2 ' Review of QA Resulis - Pulser Cﬁ_ec:k
11/21/2014 5:20:12 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:14 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:17 AM

< ——
APPROVED BY:

APPROVALDATE: __ /! Wz~




Library Listing Report 6/12/12 12:16:29 PM Page 1

1\‘************************'k*'k***'k‘!\'*************************************'k*i‘

i LIBRARY LISTING REPORT BEE*K
*************************************************************************

Nuclide Library Title: Thorium

Nuclide Library Description: Th-227,-228,-229,-230, -232

Nuclide Half-Life Energy Energy Yield Yield
Name (Seconds) (keV ) Uncert. {(keV ) (%) Uncert. (Abs.
TH-227 6.873E+008 5850.000%* 0.000 97.5000 0.0000
TH-228 6.034E+007 5400.000% 0.000 93,9400 0.0000
TH-229 2.487E+011 4872.000%* 0.000 99,5200 0.0000
TH-230 2.379E+012 4672.000%* 0.000 99.8200 0.0000
TH-232 4.434E+017 3997.000% 0.000 100.0000 0.0000

* = key line

TOTALS: 5 Nuclides 5 Energy Lines

+=)

169




SECTION X

ANALYTICAL DATA (RADIUM-226)
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Eberline Services

2::I$;?§g::;°ratow 1 4#_ : 2120695 Printed: 111’20!20;:;;415 (»;M3
Run1
Work Order 4-1109:! Fracton | Dese. i oo “oate. Ao
Analysis Code Ra226 01 LCS LCS 11/18/14 00:00 1.0000E+00
Run 02 MBL BLANK 11/18/14 00:00 1.0000E+00
Date Received 11/18/2014 03 DUP FEE-BRI-W-FADW29206L 39 11/13/14 00:00 5.0000E-01
Lab Deadiine 11/24/2014 04 DO FEE-BRI-W-FADW29206!. 39 11/13/14 00:00 5.0000E-01
Client Feezor Engineering, Inc.
Project FEEBRI
Report Level 4
Activity Units pCi
Aliquot Units ]
Matrix WA
Method EPA 903.0 Modified
Instrument Type Alpha Spectroscopy
Radiometric Tracer Ba-133
Radiometric Sol# Ba-6a
Tracer Act {dpmig) 909.766
Carrier

Carrier Conc (mg/ml)

fooeh

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

i, .y

*+ Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




E N o

Cind

Eberiine Services : Printed: 11/20/2014 9:45 AM
Oak Ridge Laboratory 14-11 095 e Page 2 of 3
Analysis Sheet Ra226
Run 1
Internal Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier | Grav Fifter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction Desc Aliguot (g) ACT (dpm) Tracer (pCi % Rec Added (ml) Tare (g) Final (g Net (g} % Rec % Rec 1* 2*
01 LCS 0.9054 B823.7 345.0 9298 0.0221 0.0281 0.0060 9298 2.16 1.00
02 MBL 0.9034 821.9 364.0 98.32 0.0215 0.0284 0.0069 98.32| 2.47 | 1.00
03 DUP 0.9051 823.4 551.0 148.55 0.0216 0.0285 0.0069 110.007 247 | 1.00
04 DO 0.9047 823.1 536.0 144.57 0.0211 0.0289 0.0078 110.00, 2.72 1.00

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

* pctual mass exceeded the calibration curve range. Results should be qualified as appropriate.




ot

«d
I

Eberline Services _ Printed: 11/20/2014 9:45 AM
Qak Ridge Laboratory 14 1 1095 e Page 3 of 3
Analysis Sheet Ra226
Run 1

Internal | Sample Rough Prep Rough Prep Prep Prep Sep t0 Sep t0 Sep i1 Sep i1
Fraction Desc . Date- By Date. By Date/Time By Date/Time By

01 LCS 11/18/14 15:46 | LWALKER | 11/19/1412:20 | RMARTZ

02 MBL 11/18/14 16:46 | LWALKER | 11/19/14 12:20 RMARTZ

03 DUP 11/18/14 15:46 | LWALKER | 11/19/14 12:20 RMARTZ

04 DO 11/18/14 15:46 | LWALKER | 11/19/14 12:20 RMARTZ

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

« Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services

Eberline Services Work Order

Client

Feezor Engineering, Inc.

_ Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 3:13 PM
Oak Ridge Laboratory . Page 1 of 3
Work Order: 14-11095-Ra226-1
. Lab . Sample Client Activity " LCS LCS LCS RPD MDA ‘Blank
Fraction Nuclida Desc Identification Units Results | Error Estimatel MDA Known %R Flag Flag Flag Flag
01 RA-226 LCS LCS pCiit 1.10E+01; 1.26E+00{ 2.15E-01| $8.98E+00| 110.38 OK OK
« 02 RA-226 MBL BLANK pCifl 2.46E-02, 7.50E-02| 1.78E-01 oK OK
5 L :
14 . I
: 03 RA-226 DUP FEE-BRI-W-FADW29206L pCifl 1.80E+00| 7.50E-01; 3.80E-01 NA OK
04 RA-226 Do FEE-BRI-W-FADW292061 pCi/ 1.70E+00| 7.38E-01| 4.50E-01 oK
3 ©
6| €N
21 N
2 @®
o
5 K
L]
L]




Eberline Sarvices ' Preliminary Data Report & Analytical Calculations Printed: 11!20/2d14 313 PM

Ozl Ridge Laborstory Work Order: 14-11095-Ra226-1 Page2of3

Lab Nuckida Sample Sample Sample Radiomstric Grav Mean SAF Sept0 Sep t1
Fraction ueH Desc Date Aliquot % Rec % Rec % Rec Date/Time Date/Time
01 RA-226 LCS 11/48/14 00:00 1.00E+00 92.98 0.00 92.98 11/18/2014 12:20
02 RA-226 MBL 11/18/14 00:00 1.00E+00 98.32 0.00 98.32 111972014 12:20
I
03 RA-226 DUP 11/43/14 00:00 5,00E-01 100.00 0.00 110,00 11/18/2014 12:20
04 RA-226 Do 111314 00:00 5.00E-01 100.00 0.00 110.00 11/19/2014 12:20

Analysis Code
Ra226

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Ly




Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-Ra226-1

Printed; 11/20/2014 3:13 PM

Eberfine Services Work Order

Client

Feezor Engineering, Inc.

Lab . Sample Counting Halflife Count Bkg
Fraction Nuclide Desc DatefTimea {days} Datect Carrler Time Counts CPM Eff
01 RA-226 LCS 11120114 1129 A_Spec |Alpha_D33 170{3.23 E+02  |6.00 E-03 18
- 02 RA-226 MBL 11/20/14 11:29 A _Spec |Alpha_034 170(6.60 E-01  |2.00 E-03 17.9
g| ©
03 RA-226 DUP 11/20/14 11:28 A_Spec |Alpha_035 17012.27 E+01 |2.00 E-03 16.5
04 RA-226 DO 14/20/14 11:28 A_Spec |Alpha_036 170(2.13 E+01 |4.00 E-03 18.1
§ O
a N
2 N
2w
o
5 X
-
-

oot

S

Phage 3 of 3




Count Room Report 14-11095-Ra226-1 (pCi/l) in WA Printed: 11/20/2014 9:45 AM

P 1 of1
Client: Feezor Engineering, Inc. ' Tracer ID: Ba-6a e
A
Y
/\,0 Internal Sample Ciient Sample Sample Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Date Aliquot Aliquot (@) . ACT (dpm) Tracer (pCi) % Rec 1* 2*

01 LCS LCS 11/18/14 00:00 1.0000 0.9054 823.7021 345.0000 9298 | 216 | 1.00
02 MBL BLANK 11/18/14 00:00 1.0000 0.9034 821.8826 364.0000 98.32 | 247 | 1.00
03 DUP FEE-BRI-W-FADW25206L 11/13/14 00:00 0.5000 0.9051 823.4292 551.0000 | 148.55 | 2.47 . 1.00
04 DO FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.9047 823.0653 536.0000 | 14457 | 272 | 1.00

3

'y




Eberline Services

. Page 1 of 1
Qak Ridge Laboratory Splke and Tracer Worksheet Printed: 11/18/2014 3:46 PM
Psiin)
Internal Work Order Run Analysis Code Date Technician Technician Initigls Witness Initials
Ra226 11/18/2014 15:40 LWALKER '
— — e _ e —
_ LCS &Matrix Spikes Ao e |- MS LCSD - |- MSD. - LCS . MS C o [UCSD - MSD -
Isotope ‘ Sol # Activity Solution Approx Volume Volume Volume Volume Known Error Added Error Known Error Added Error
P dpm/g Date Addition Used (g} Used (g} Used (g} Used (@) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Ra-226 Ra-5b 44.041| 11/18/2014 a.500 G os03tf o ' ' 9.98 0.459 0.00 0.000 0.00 0.000 0.00 0.000)
TCOTS 1528 I3RS TOTTerZUTS T —
o Tracers - . _ Balance Printer Tapes ...~
| .o
. Activity Solution Approx
fraction | Isotope Sol # dpmig Date Addition Tracer LCS
01 .. | Ba-133 Ba-6a 909.766!11118/2014]. . - 1.1100 -
020 |; Ba-133 Ba-6a 909.766|11/18/2014) .. © 8 1.1100
03:7i !, Ba133 | Baa 909,766 11/1812014] " 0.9051 1.1100
04 | Ba-133 | Baéa 909.766|11/18/2014] "~ 0 1:1100
! ) R
I @, Wi g .
; 7. 2634 9
: G, 2851 9
§ 8.5847 3
: |
Matrix Spike
- 1
\
T — 1
. | — ]
-
]
i
¥ \ersion 2.0 08199

&




Eberline Analytical
Oak Ridge Lahoratory

Aliquot Worksheet

Printed: 11/20/2014 7:34 AM

Page 1 of 1

Work Order Run Analysis Code Rpt Units Lab Deadline Technician
Ra226 liters 11/24/2014 RMARTZ
Lab Feezor Engineering, Inc.| sample |- -Muffle Data Dilution Pata Aliguot Data MS Aliguot Data H-3 Solids Only .
Fraction CRatio L FE S P : . Toowni:] Water Added 'H3 Dist
L= Client 1D Type. Post/Pre - NoofDils . Dil Factor: ;[ Ral Aliquot:-. | - NetEquiv Allquot . -NetEquiv. - (ml} o .- Alig
| ot LCS | o N co ’ : S 4.00E+00°)  1.0000E+00 1.0000E300 ’ ) 5 N N
02 BLANK | mBL | . 1.0000E+00]  -1.0000E+00
| 03 | FEE-BRI-W-FADW29206L | ' DUP |. 1 1.0000E+00] _ 5.0000E-01
04 FEE-BRI-W-FADW29206L DO - 1 1.0000E+00 5.0000E_—'0_1
Comments
- T
. j, Technician: Date: !/ /




Eberline Analytical
Oak Ridge Laboratory

Printed: 11/20/2014 7:34 AM

Diluted by:

Internal Work Order 14- 1 1 09 5
EBERLINE
SERVICES Fraction > 03 <
Analysis Code Ra226
Dilution Worksheet Run Number 1
Analyst RMARTZ
Dilution . Amount . Diluted . .
Number - Taken Units To Units Ratio
o . | from the original sample
1 Itolok 10 mil and diluted it to 20 ml 0.5000
' _ from the 1st dilution
2 : I took ’ ml and diluted it to ml
: from the 2nd dilution
3 : I took mi and diluted it to ml
- from the 3rd dilution
4 I took “mi and diluted it to mi
‘ from the 4th dilution
5 I took ml and diluted it to mi
I Dilution Ratio 0.5
Dilutions 1 lut at
T or. ax
aken Dilution Factor 2

cel

Page 1 of 1




Eberline Analytical
Oak Ridge Laboratory

Printed: 11/20/2014 7:34 AM

= Diluted by:

Internal Work Order 14- 1 1 09 5
EBERLINE
SERVICES Fraction > 04 <
Analysis Code Ra226
Dilution Worksheet Run Number 1
Analyst RMARTZ
Dilution Amount X Diluted . R
Number “Taken tnits To Units Ratic
eAn from the original sample - :
1 Itook | »-10 mil and diluted it to .230 | m] 0.5000
from the 1st dilution
2 Ttook | . - = ml and diluted it to m
from the 2nd dilution -
3 Itook | - ml and diluted it to ml
from the 3rd dilution
4 Ltook | ml and diluted it to mi
from the 4th dilution
5 I took mi and diluted it to ml
I Dilution Ratio 0.5
Dilutions 1
Taken Dilution Factor 2

I\ 70|

Date:

s

#.—m&

Page 1 of 1
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Eberline Analytical
Qak Ridge Laboratory

Aliquot Worksheet

Printed: 11/18/2014 3.51 PM
Page 1 of 1

Work Order Run Analysis Code Rpt Units Lab Deadline Technician
Ra226 liters 11/24/2014 LWALKER
Lab | Feezor Engineering, Inc.| sample | Muffle Data Dilution Data Aliquot Data. - MS Aliquot Data H-3 Solids Only =
Fraction ' T Ratio s | o ek e Tk Water Added H3 Dist
St Client ID Type 7 No'ofDils .| 'Dil Factor 'l .. Ratio.. Afiguot -~ | NetEquiv Aliguot {ml) Alig -
01 LCS LCS Ll e T 1.0000E+00] 1. 0000E+00] | o]
02 BLANK MBL . o] 1.0000E+Q0} 1 O_OOE_-t_OO'
03 . | FEE-BRI-W-FADW29206L | DUP: o1 - 1.0000E+00]- *1.0000E+00
04 | FEE-BRI-W-FADW28206L DO’ : 1.0000E+00[.- 1 0000E+00
Lo 8
) s
Comments
o MU‘%A) g
©  rocmican LS
h Technician: Date: / /
) O \ £




Eberline Services - Oak Ridge

Version 1.0 9/19929

Gravimetric Worksheet

Printed: 11/20/2014 7:31 AM
Page 1 of 1

Work Order Run

Analysis

Gravimetric

Carrier Conc

Code Carrier {mg/ml) Technician
Ra226 RMARTZ
“TRetec | Feezor Engineering, Inc.| sample | Carrier Data - Filter Data Gravimetric
' S ~ |~ Carrier Added Filter Tare Filter Final Lo AFilter Net . SRS (T
Fraction Client ID Type | (mi)  ~r {g) (g i Ag) . Recovet
L .. LCS 81 | LCS | : - 0.0221 00281 | .  0.0080 ) . -
02 BLANK o MBL 0.0215 0.0284 | % . 0.0069
03 DUP 2. | DUP 0.0218 0.0285. | : . 0.0069
04 FEE-BRI-W-FADWZ29208L DO 0.0211 0.0289

- 0.0078

f oo
oD
<O

™

Technician: Date: / /




__Bnpex-Alpha”

Sample Description:
Spectrum File:

Batch Identificatiomn:
Sample Identification: 01

SPIKE
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001029
1411095A-RA

Sample Geometry: Shelf 2

Procedure Description: Ra

Detector Name: Alpha 033

Chamber Serial Number: 04026479A
Detector Serial Number: 91132

Env. Background: System Bkgd 101692

Reagent Blank:

Sample Size:

<not performed:>

1.000E+000 +/-

*ﬁ%;&*

0.000E+000 liter

Generic Mult. Factor: 2.160E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 11/20/2014 10:11:54 AM
Acquisition Date/Time: 11/20/2014 11:29:01 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.9298 +/- 0.0000 _
Counting Efficiency: 0.1805 +/- 0.0032 on 10/25/2014 2:26:39 PM
Effective Efficiency: 0.1678 +/- 0.0030
Control Certificate Name: Ra226 Ra-5b
Chem. Recov. of Control: RA-226 0.510970 +/- 0.033574
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.536 326.64 10.87 1.36 0.00E+000 8.5
RAR-226 4,647 322.98 10.93 1.02 0.00E+000 5.0

----- NUCLIDE ANALYSIS RESULTS ————

id Enexrgy Activity MDA

Nuclide Conf {keV) (pCi/liter ) (pCi/liter )
RA-224 0.971 568%5.50% 1.17E+001 +/- 1.34E+000 2.46E-001 +/- 8.48E-003
RA-226 ¢.976 4785.00% 1.10E+001 +/- 1.26E+000 2.15E-001 +/- 7.41E-003

#AG
I ¥
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Page 1
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2:39:46 PM
REPORT

11/20/2014
DATA

01

e e S 2t A R R R A L 2 R AR R R R R R
SPECTRAL

* kK k*k
************************************************

Sample Title:
Elapsed Live time:
Elapsed Real Time:

Channel Data Report

O210002100301010430123013115260211225012462211

0111101012012230001320121001011011030113033233

020011012241011120013222211111120512302444_3224

O.I_00021001120011120131131122200233412235513351

1010310000223110022321330020331236121032454036

2001001030100110011241120011441112011023211202

0003210110311202010312011001111212312222321036

75319753197531975319753197531975319753197531
12344_567889012234566789001234456788901223456
11111_I_l11111222222222222233333333

w—




11/20/2014 2:39:46 PM Page 2
Sample Title: 01

Channel Data Report
369:

3315624_2203411112012011252226112335225273525154223431

O_I_541483222021242033512235111044333123121345431433252

12124322111712201010160045205265152135144536323122222

241433340041231201414_32222203041516435165263432242523

4135153521232151222322243134.2333044445115260333640341

2334_5311322012435143054420112144421213175125330630212

22764430242130001503131215564232354212151253343431323

—......5319753197531975319753197531975319753197531975319753
789001234_4_5678890122345667890012344567889012234566789
33344_44_4_4_444444_45555555555556666666666666777777777777
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11/20/2014 2:39:46 PM Page
01

Sample Title:

Channel Data Report
801:
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k
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I
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3
L
|
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012032423223140432103111232

l433564213133101200211002

7
4
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Generic Mult. Factor:
Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Chem. Recovery Factor:
Counting Efficiency:
Effective Efficiency:

Peak Match Tolerance:

Alpha”

BLANK
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001028
1411095A-RA

02

Shelf 2

Ra

Alpha 034
040264798

91136

System Bkgd 101633
<not performeds

1.000E+000 +/- 0.000E+000 liter
2.470E+000 Generic Div. Factor: 1.000E+000
11/20/2014 10:11:54 AM
11/20/2014 11:29:02 BAM
170.0 minutes
170.0 minutes

0.9832 +/- 0.0000 |
0.1789 +/- 0.0031 on 10/25/2014 2:30:05 PM
0.1759 +/- 0.0031

0.350 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV}
RA-~-224 5.568 4.00 109.57 0.00 0.00E+000 6.0
RA-226 4.511 0.66 305.43 0.34 0.00E+000 3.0

----- NUCLIDE ANALYSIS RESULTS ———-

id Energy Activity MDA

Nuclide Conf. {keV) (pCi/liter ) (pci/liter )
RA-224 0.982 5685.50% 1.57E-001 +/- 1.72E-001 2.35E-001 +/- 8.05E-003
RA-226 0.907 4785.00%* 2.46E-002 +/- 7.50E-002 1.78E-001 +/- 6.10E-003
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0000102895 .CNF

Live Time :10200.000 sec

Real Time :10200.500 sec

start:  133453.4(kev)

Stop : 1024:6510.97kev)

Acq. Start :Thu Nov 20 11:29:02 2014
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Sample Title:
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_=Apex-Alpha t

Sample Description: FEE-BRI-W-FADW29206L DUP

Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001028
Batch Identification: 1411095A-RA

Sample Identification: 03

Sample Geometry: Shelf 2

Procedure Description: Ra

Detector Name: Alpha_ 035

Chamber Serial Number: 04026477A

Detector Serial Number: 58771

Env. Background: System Bkgd 101694

Reagent Blank: <not performed:

Sample Size: 5.000E-001 +/- 0.000E+000 liter

Generic Mult. Factor: 2.470E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 11/13/2014 10:11:54 AM

Acquisition Date/Time: 11/20/2014 11:28:58 AM

Aoquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Chem. Recovery Factor: 1.0000 +/- 0.0000

Counting Efficiency: 0.1647 +/- 0.0029 on 10/25/2014 2:34:10 PM
Effective Efficiency: 0.1647 +/- 0.0029

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
RA-224 5.517 9.64 68.14 1.36 0.00E+000 3.0
RA-226 4.593 22.66 41.53 0.34 0.00E+000 6.0

Id Energy Activity MDA
Nuclide Cont. {keV) (pCi/liter ) (pCi/liter )
RA-224 0.964 5685.50% 8.07E-001 +/- 5.51E-001 5.74E-00L1 +/- 1.9%E-002
RA-226 0.953 4785.00% 1.80E+000 +/- 7.50E-001 3.80E-001 +/- 1.32E-002
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0000102896 .CNF
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__Shpex-Alpha”

Sample Descriptioni
Spectrum File:

FEE-BRI-W-FADW29206L
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\O0001028

Batch Identification: 1411095A-RA
Sample Identification: 04

Sample Geometry: Shelf 2
Procedure Description: Ra

Detector Name: Alpha 036
Chamber Serial Numbex: 040264778

Detector Serial Number: 84167

Env. Background:
Reagent Blank:

Sample Size:

System Bkgd 101635
<not performed:>

5.000E-001 +/- 0.000E+000 liter

Generic Mult. Factor: 2.720E+000 Generic Div. Factor: 1.C000E+000
Sample Date/Time: 11/13/2014 10:11:54 AM

Bocquisition Date/Time: 11/20/2014 11:28:59 AM

Acquisition Live Time: 170.0 minutes

Acquigition Real Time: 170.0 minutes

Chem. Recovery Factor: 1.0000 «/- 0.0000

Counting Efficiency: 0.1806 +/- 0.0032 on 10/25/2014 2:38:17 FM
Effective Efficiency: 0.1806 +/- 0.0032

Peak Match Toleranc

e: 0.350 MeV

Energy Net Pk Area 2mbient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.536 13.96 56.77 2.04 0.00E+000 3.0
RA-226 4,609 21.32 43,23 0.68 0.00E+000 3.0

Nuclide Conf.

Energy Betivity MDA
(keV) {pCi/liter ) {pCi/liter )

5685.50% 1.17E+000 +/- 6.68E-001 6.55E-001 +/- 2.25E-002
4785.00% 1.70E+000 +/- 7.38E-001 4 . 50E-001 +/- 1.55E-002
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Page 1 of 2
11/20/2014 5:37:59 AM

;::n | M.

—=Apex-Alpha
QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :11/20/2014
Time : 5:37:59 AM

CHAMBER DEVICE PARAMETER FLAG DATE |
Alpha 001 21f ALL Not Done '
Alpha 002 21 ALL Not Done
Alpha 003 2 ALL Passed 11/20/2014 5:23:11 AM
Alpha 004 21f ALL Passed 11/20/2014 5:23:12 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Dane
Alpha 007 o 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL ‘ Passed 11/20/2014 5:23:13 AM
Alpha 011 21f ALL Passed 11/20/2014 5:23:14 AM
Alpha 012 21f ALL Passed 11/20/2014 5:23:15 AM
Alpha 013 21f ALL Not Done
Alpha 014 21f ALL Passed 11/20/2014 5:23:15 AM
Alpha 015 21f Peak FWHM Action 11/20/2014 5:23:16 AM
Alpha 016 21f ALL Not Done
Alpha 033 Alpha Analyst100DC ALL . Passed 11/20/2014 5:23:17 AM
Alpha 034 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:19 AM
Alpha 035 Alpha Analyst100DC ALL ' Passed 11/20/2014 5:23:21 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:22 AM
Alpha 037 Alpha Analyst100DC ALL . Passed 11/20/2014 5:23:25 AM
Alpha 038 Alpha Analyst100DC Peak Energy A& Action 11/20/2014 5:23:27 AM
Alpha 039 Alpha Analyst100DC ALL % Passed 11/20/2014 5:23:29 AM
Alpha 040 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:31 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:35 AM
Alpha 042 Alpba Analyst100DC ALL Passed 11/20/2014 5:23:37 AM
Alpha 043 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:40 AM
Alpha 044 Alpha Analyst100DC ALL ‘ Passed 11/20/2014 5:23:42 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:45 AM
Alpha 046 Alpha Analyst100DC ALL " Passed 11/20/2014 5:23:47 AM
Alpha 047 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:50 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:53 AM
Alpha 049 Alpha Analyst100DC ALL Passed - 11/20/2014 5:23:55 AM
Alpha 050 Alpha Analystl00DC ALL Passed 11/20/2014 5:23:58 AM
Alpha 051 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:00 AM
_ Alpha 052 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:03 AM
Alpha 053 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:06 AM
Alpha_054 Alpha Analyst100DC ALJ, Passed 11/20/2014 5:24:0% AM
Alpha 055 Alpha Analyst100DC Peak FWHM Action : 11/20/2014 5:24:11 AM
Alpba 056 Alpha Analyst106DC ALL Passed 11/20/2014 5:24:14 AM
Alpha 057 Alpha Analyst100DC ALL Passed - 11/20/2014 5:24:16 AM
Alpha 038 | Alpha Analyst100DC ALL Passed 11/20/2014 5:24:19 AM

204




Page 2 of 2 . ) Review of QA Results - Pulser Check
11/20/2014 5:37:59 AM

CHAMBER | DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:22 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:25 AM
L
APPROVED BY:
APPROVAL DATE: / N re
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Library Listing Report 6/12/12 12:16:17 PM Page 1
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HEEEE LIBRARY LISTING REPORT
T St T 12222322 2R R XS R R R AR LA A A A

Nuclide Library Title: Radium

Nuclide Library Description: Ra-226, Po-218, Rn-222

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) (kev ) Uncert. {(keV ) (%) Uncert. (Abs.+-)
PO-218 5.0498+010 6003.000% 0.000 99,9800 0.0000
RN-222 5.049E+010 5490.000% 0.000 99,9200 0.0000
RA-2286 5.0492E+010 4£785,000% 0.000 100.0000 0.0000

* = key line

TOTALS:

3 Nuclides

3  Energy Lines

ean

AV S




SECTION XI

ANALYTICAL DATA (RADIUM-228)
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r4

800

ot Sarces 1411095
Analysis Sheet Ra228
Run 1
Work Order 4-1109 Fraction | Desc. o o “oete. pri
Analysis Code Ra228 01 LCS LCS 11/18/14 00:00 1.0000E+00
Run _ 02 MBL BLANK 11118/14 00:00 1.0000E+00
Date Received 11/18/2014 03 DUP FEE-BRI-W-FADW29206L 39 1113/ 1 4 00:00 1.0000E+00
Lab Deadline 11/24/2014 Q4 DO FEE-BRI-W-FADW29206L 39 11/13/14 00:00 1.0000E+Q0
Client Feezor Engineering, Inc.
MI.?roject FEEBRI
 Report Levei 4
Activity Units pCi [
Aliquot Units |
Matrix . WA
h;hod EPA 904.0 Modif;‘eﬁ;’t’ii
Instrume;t Type - Alpha/Beta GPC o
Radiometrié Tracer | Ba-133 -
Radiometric Sol# Ba-6a |
Tracer Act (dpm/g) 909.766 k
Carrier Yitirum
40.56226

Carrier Conc (mg/ml)

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.
* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

4 Indicates estimated SAF value.




Eberline Services Printed: 11/24/2014 8:17 AM
0Oak Ridge Laboratory 14-11095 " Page 2 of 3
Analysis Sheet Ra228
Run 1
Internal Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier . Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction Desc Aliquot (g} ACT (dpm) Tracer (pCi) % Rec Added {ml} Tare (g) Final (g) Net (g} % Rec % Rec 1* 2*
01 LCS 0.9054 823.7 345.0 92.98 2.000 0.0930 0.1553 0.0623; 76.80| 7141 100 | 1.00
02 MBL 0.9034 821.9 364.0 98.32 2.000 0.0931 0.1532 0.0601 74.08) 7284 100 | 1.00
03 DUP 0.9051 823.4 551.0 148.55 2.000 0.0935 0.1554 0.0619| 76.30| 83.93} 1.00 : 1.00
04 DO 0.9047 823.1 536.0 14457 2.000 0.0931 0.1495 0.0564| 69.52| 7648/ 1.00 | 1.00

g
o
3

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

# Indicates estimated SAF value.




Eberline Services 14-11095 Printed: 11/24/2014 8:17 AM
Qak Ridge Laboratory Page 3 of 3
Analysis Sheet Ra228
Run 1
internal | Sample Rough Prep Prep Prep Sep 10 Sep t0 Sep t1 Sep t1
Fraction Desc By Date By Date/Time By Date/Time By
01 LCS 11/18/14 15:47 | LWALKER | 11/19/14 12:20 RMARTZ 11/24/14 06:15 RMARTZ
02 MBL 1118114 1547 | LWALKER | 11/19/14 12:20 RMARTZ 11/24/14 06:15 RMARTZ
03 DUP 11118114 1547 | LWALKER | 11/19/14 12:20 RMARTZ 11/24/14 06:15 RMARTZ
04 DO 11/18/14 15:47 | LWALKER | 11/19/1412:20 RMARTZ 11/24M14 06:15 RMARTZ

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

A Indicates estimated SAF value.

* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Servicas Preliminary Data Report & Analytical Calculations Printed: 11/24/2014 10:54 AM
Oak Ridge Laboratory . Page 1 0of 3
Work Order: 14-11095-Ra228-1 d
. Lab . Sample CHent Activity " 1cs 1CS LCs RPD MDA Blank
&r Fraction Nuclide Dase |dentlfication Units Resuits Error Estimate MDA Known %R Flag Flag Flag Flag
01 RA-228 LCS Lcs pCifl 7.82E+00| 9.59E-01| 1.38E+00| 7.38E+00] 106.99 OK OK
. 02 RA-228 - MBL BLANK nCi/l 6.86E-01] 6.48E-01| 1.31E+00 OK oK
3 v
. 03 RA-228 DUP FEE-BRI-W-FADW29206L pCifl 2.82E+00| 5.89E-01| 9.50E£-01 NA OK
04 RA-228 Do FEE-BRI-W-FADW29206L pCiil 210E+00; 6.93E-01] 1.27E+00 OK
§ 0
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/24/2014 10:54 AM

Oak Ridge Laboratory Work Order: 14-11095-Ra228-1 Page2of3

Fracton Nucide | S “ote Mot | wRec | %Rec 2o e S Datertime Batertime
01 RA-228 LCS 11/18/14 00:00 1.00E+00 92.98 76.80 7141 1.00 111912014 12:20 11/24/2014 6:15
o 02 RA-228 MBL 11/18/14 00:00 1.00E+00 98.32 74,08 72.84 1.00 1111912014 12:20 11/24/2014 6:15
3
* Al 03 RA-228 DUpP 11113714 00:00 1.00E+00 148.55 76.30 83.93 1.00 11/19/2014 12:20 11/24i2014 6:15
04 RA-228 DO 11/13/14 00:00 1.00E+00 144.57 69.52 76.48 1.00 11/19/2014 12:20 11/24{2014 6:15

Analysis Code
Ra228

3
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Eberline Services

Printed: 11/24/2014 10:54 AM
Oak Ridge laboratory

Page 3of 3

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-Ra228-1

Lab Sample Counting Halflife Count Bkg
Fraction Nuslida Desc Date/Time {days) Dotect Carrier Time Counts CPM Eft
01 RA-228 LCS 11/24/14 08:37 LB4110A B4 120 665|1.633333333( 0.4619
02 RA-228 MBL 11/24/14 08:37 LE4110A B1 120 226|1.533333333 0.4626
S
03 RA-228 DUP 11/24/14 08:37 LB4110A B2 120 332{1.083333333 0.4691
04 RA-228 po 11/24/14 08:37 LB4110A B3 120 309{1.483333333| 0.449
§| o
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Printed: 11/24/2014 8:17 AM

Count Room Report 14-11095-Ra228-1 (pCi/l} in WA

- . . Page 1 of 1
Client: Feezor Engineering, Inc. Tracer ID: Ba-6a
Internal j Sample Client Sample ‘L Sample Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Date Aliquot Aliquot (g} ACT (dpm) Tracer (pCi) % Rec ™ 2*
1 LCs LCS 11/18/14 00:00 1.0000 0.9054 823.7021 345.0000 9298 | 1.00 | 1.00
02 MBL BLANK 11/18/14 00:00 1.0000 0.9034 821.8826 364.0000 98.32 | 1.00 | 1.00
03 DUP FEE-BRI-W-FADW29206L 11/13/14 00:00 ! 1.0000 0.9051 823.4292 551.0000 | 14855 | 1.00 | 1.00
04 DO FEE-BRI-W-FADW29206L 11/13/14 00:00 1.0000 0.9047 823.0653 536.0000 | 14457 ; 1.00 | 1.00




Ok Ridas Labors Spike and Tracer Worksheet Printed: 111'18[20?:%8':70;;!

Oak Ridge Laboratory
Internal Work Order Run Analysis Code ' Date Technician Technician initigls Witness Initials
Ra228 11/18/2014 15:46 LWALKER d
L.CS & Matrix Spikes T S R e M8 LCSD | MSD R B k ( ,uCSI;D_' R R f=13)
Isotope Sol # Activity Solution Approx Volume Volume Volume Volume Known Error Added Error Known Error Added Error
” dpmig Date Addition Used (g) Used (g) Used (g} Used (g) pCi Estimate pCi Estimate pCi Estimafe pCi Estimafe
Ra-228 Ra-11 32.242| 11/18/2014 0620) vosog2] |l L 7.38 0.376 0.00 0.000 0.00 0.000 0.00| 0.000
5 |
TCO9 S c-2a 22083688 062013 4N
o S hes Tracers - iy o L _ - 7" Balance Printer Tapes . . _
. Activity Solution Volume Approx '
fraction | Isotope Sol# dpmig Date Used (g} Addition - Tracer LCS
01 ... Ba133 | Bata 909.7661 1111812014 17 14100 | IR
02::, [+-Ba-133 | = Baba 909.766[11/18/2014| . 1.1100
-03i0; [Ba-133 | BaBa 908.76611/18/2014| " 1.1100
047 | Ba-133 Ba-Ba 900.766 | 11/18/2014 A100 | - S ‘ @, 5827 4

- o a

P R =) TS P

Matrix Spike

Mo

Ui

Version 2.0 08/99




Printed: 11/18/2014 3:51 PM

Eberiine Analytical H
Oak Ridge Laboratory AlquOt workSheet Page 1 0of 1
Work Order Run _:_Analysis Code Ryt Units Lab Deadfine Technician
Ra228 liters 11/24/2014 LWALKER
b Lap | Feezor Engineering, Inc.| sample | Muffle Data Dilution Data Aliquot Data -~ NS Aliquot Data . H-3 Solids Only
Fraction Ratia." R ] ' Water Added H3 Dist
- Client 1D Type - Post/Pre - Dils:. | Dl Factor' Aliquot - “Net Equiv- |s: Aliquot . - (mly Alig
01 LCS LCS Lo ) < 1.0000E+00 1_.00005-5-‘0'0_ : B
02 - BLANK MBL 1.0000E+00{ - 1:0000E+00] " ;
03 | FEE-BRI-W-FADW29206L | DUP 1.0000E+00|  1:0000E+00] -
04 FEE-BRI-W-FADW29206L Do 1.0000E+00| 1.0000E+00

Comments

-

D
T
* 1

H
@D

%{DM e 1/ 115 L




Eberline Services - Oak Ridge
Version 1.0 9/1999

Gravimetric Worksheet

Printed: 11/24/20114 8:15 AM
Page 1 of 1

Analysis

Gravimetric

Carrier Conc

Work Order Run Code Carrier (mg/mi) Technician
4 )Y Ra228 Yttirum 40.5623 RMARTZ
TRetec | Feezor Engineering, Inc.| sample | Carrier Data Filter Data Gravimetric
I Carrier Added Filter Final | "~ FilterNet-= [/ =" % - &
Fraction. Client ID Type ~ (mi) . @ (| R Récovery
o T . LcS s | Les F 12,0000 0.1553 | i 0.
A 02 b BLANK ~ MBL ~ 2.0000 0.1532 | -
03 .} DUP __Dup ~ 2.0000 0.1554 |
DO . 2.0000f &%.:.0.0931 0.1495 |

'

“"047 ] FEE-BRI-W-FADW29206L

Technician:

Date:

[IGAas
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Detector ID Sample ID Alpha Beta Count Time Voltage

B1
B2
B3
B4

1411095-02
1411095-03
1411095-04
1411095-01

11
11
16
19

Sheet1

226
332
309
665

Page 1

120
120
120
120

1400
1400
1400
1400

TOD
11/24/14 10:37
11/24/14 10:37
11/24/14 10:37
11/24/14 10:37

/ A e




61¢

Eberline Analytical

CGak Ridge Lahoratory

GPC Detector Report

(ALL Backgrounds)

Detector Alpha/Beta Calibratlon Date Count Date Bkg CPM PFW LCL Mean UCL
LE4110A - Al Alpha 11/18/2007 11/24/2014 0.00E+00 P -1.94E+01 2.41E-01 1.98E+01
LB4110A - A2{ Alpha 11/18/2007 11/24/2014 3.33E-02 P -1.64E+01 2,18E-01 1.69E401
LB4110A - A3| Alpha 11/18/2007 11/24/2014 5.00E-02 P -1.60E+01 1.90E-01 1.64E+01
LB4110A ~ A4 Alpha 11/18/2007 11/24/2014 6.67E-02 P -1.70E+01 2.03E-01 1.74E-+-01
LB4110A - B1 Alpha 11/18/2007 11/24/2014 3.33E-02 P -9.16E-02 7.25E-02 2.37E-01
LB4110A - B2 Alpha 11/18/2007 11/24/2014 1.67E-02 P -7.14E-02 7.32E-G2 2.18E-01
LB4110A - B3| Alpha 11/18/2007 11/24/2014 5.00E-02 P -6.24E-02 5.55E-02 1.73E-01
LB4110A - B4 | Alpha 11/18/2007 11/24/2014 6.67E-02 P -1.28E-01 7.72E-02 2.82E-01
LB4110A - C1| Alpha 11/18/2007 11/24/2014 1.00E-01 P -1.37E-01 8.77E-02 3.12E-01
LB4110A - C2| Alpha 11/18/2007 11/24/2014 8.33E-02 P ~1.66E-01 7.99E-02 3.25E-01
LB4110A - C3 Alpha 11/18/2007 11/24/2014 8.33E-02 P -1.61E-01 9.40E-02 3.49E-01
LB4110A - C41 Alpha 11/18/2007 11/24/2014 3.33E-02 P -G.48E-02 6.90E-02 2.03E-01
LB4110A - D1; Alpha 11/18/2007 11/24/2014 1.67E-02 P -5.43E-02 8.01E-02 2,15E-01
LB4110A - D2{ Alpha 11/18/2007 11/24/2014 1.67E-02 p -5.96E-02 6.01E-02 1.90E-01
LB4110A - D3| Alpha 11/18/2007 11/24/2014 3.33E-02 | -5.06E-02 6.74E-02 1.85E-01
LB4110A - D4 Alpha 11/18/2007 11/24/2014 3.33E-02 P -6.69E-02 6.99E-02 2.07E-01
LB4110R - Al| Alpha 1172472006 11/24/2014 3.33E-02 P -9.21E-02 9.80E-02 2.88E-01
LB4110R - A2| Alpha 11/24/2006 11/24/2014 8.33E-02 P -8.50E-02 7.23E-02 2.30E-01
LB4110R -~ A3 Alpha 11/24/2006 11/24/2014 0.00E-+00 P ~7.07E-02 8.13E-02 2.33E-01
LB4110R - A4| Alpha 11/24/2006 11/24/2014 5.00E-02 P -5.13E-02 6.90E-02 1.89E-01
LB4110R - B1 Alpha 11/24/2006 11/24/2014 1.00E-01 P -8.91E-02 6.18E-02 2.13E-01
LB4110R - B2| Alpha 11/24/2006 11/24/2014 3.33E-02 P -6.80E-02 6.02E-02 1.88E-01
LB4110R - B3| Alpha 11/24/2006 11/24/2014 5.00E-02 P -6.48E-02 7.19E-02 2.09E-01
LB4110R - B4| Alpha 11/24/2006 11/24/2014 3.33E-02 P -6.09E-02 6.82E-02 1.97E-01
LB4110R - C1| Alpha 11/24/2006 11/24/2014 1.00E-01 P -7.48E-D2 7.26E-02 2.20E-01
LB4110R - C2| Alpha 11/24/2006 11/24/2014 1.67E-02 P -7.50E-02 6.77E-02 2.10E-01
LB4110R - C3 Alpha 11/24/2006 11/24/2014 0.00E+00 P -8.19E-02 8.40E-02 2.50E-01
LB4110R - C4| Alpha 11/24/2006 11/24/2014 3.33E-02 P ~5.96E-02 7.83E-02 2.16E-01
LB4110R - D1| Alpha 11/24/2006 11/1/2014 0.00E+00 P -1.06E-01 6.70E-02 2.40E-01
1.B4110R - DZ2| Alpha 11/24/2006 11/1/2014 0.00E+00 P -8.23E-02 6.65E-02 2,15E-01
LB4110R - D3| Alpha 11/24/2006 11/1/2014 0.00E+400 P -8.71E-02 6.63E-02 2.20E-01
1B4110R - D4| Alpha 11/24/2006 11/1/2014 0.00E+00 P -8.04E-02 7.08E-02 2.22E-01

LB5100 - 1 Alpha 7/10/2006 10/26/2007 5.00E-02 P -1.56E-02 9.58E-02 2.07E-01

Printed: 11/24/2014 6:47 AM
Page 1 of 1
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report
{ALL Backgrounds)

Deatector Alpha/Beta Calibratlon Date Count Date Bkg CPM PFW LCL Mean ucL
LB4110A - Al Beta 11/18/2007 11/24/2014 1.25E+-00 P -2.62E+02 | 7.05E+00 2.76E+02
LB4110A - A2 Beta 11/18/2007 11/24/2014 1.82E+00 P -2.74E4+01 2.70E+00 3.28E+01
LB4110A - A3 Beta 11/18/2007 11/24/2014 1.45E+00 P -4.54E+01 2.56E+00 5.06E+01
LB4110A - A4 Beta 11/18/2007 11/24/2014 7.42E+00 F -2.89E+01 3.88E+00 3.67E+01
LE4110A - Bl Beta 11/18/2007 11/24/2014 1.53E+00 P -9.42E+00 3.01E+00 1.54E+01
LB4110A - B2 Beta 11/18/2007 11/24/2014 1.08E+00: P -6.84E+00 1.91E+00 1.07E+01
LB4110A - B3 Beta 11/18/2007 11/24/2014 1.48E+00- P -3.79E-01 1.41E+00 3.19E+00
1B4110A - B4 Beta 11/18/2007 11/24/2014 1.63E+00, P -6.80E+00 1.91E+00 1.06E+01
1B4110A - C1 Beta 11/18/2007 11/24/2014 1.10E+00 P -4.84E+00 2.00E+00 8.84E+00
LB4110A - C2 Beta 11/18/2007 11/24/2014 1.20E+00 P 3.75E-01 1.28E+00 2.18E+00
L84110A - C3 Beta 11/18/2007 11/24/2014 2,23E4+00 F 4.36E-01 1.52E+400 2.61E+00
L84110A - C4 Beta 11/18/2007 11/24/2014 1.47E+00 P -1.60E+00 1.98E+4+00 5.56E+00
LB4110A - D1 Beta 11/18/2007 11/24/2014 1.62E+00 P -2.24E+00 2.49E+00 7.21E+00
LB4110A - D2 Beta 11/18/2007 11/24/2014 5.80E+00 F -3.78E+00 | 1.98E-+00 7.73E+00
LB4110A - D3 Beta 11/18/2007 11/24/2014 2.30E+00 F 6.85E-01 4.30E+00 7.92E+00
LB4110A - D4 Beta 11/18/2007 11/24/2014 1.26E+01 F -7.52E+00 1.93E+00 1.14E+01
LB4110R - Al Beta 11/24/2006 11/24/2014 1.50E+00 P -5.60E4+01 3.31E+00 6.26E+01
LB4110R ~ A2 Beta 11/24/2006 11/24/2014 1.60E+00 P -4.43E+01 1.93E+00 4.82E+01
LB4110R - A3 Beta 11/24/2006 11/24/2014 1.75E+00 P -4.11E+01 2.53E+00 4,61E+01
LB4110R - A4 Beta 11/24/2006 11/24/2014 2.45E+00 F -4.0BE+01 2.01E+00 4,.48E+01
LB4110R - B1 Beta 1172472006 11/24/2014 1.42E+00 P -4.30E+01 1.93E+00 4,69E+01
LB4110R - B2 Beta 11/24/2006 11/24/2014 6.37E4+00 F -4,82E+01 | 3.28E+00 5.47E+01
LB41160R - B3 Beta 11/24/2006 11/24/2014 1.55E+00 P -4,29E+01 2.47E400 4.7B8E+01
LB4110R - B4 Beta 11/24/2006 11/24/2014 1.10E+00 P -4,31E+01 1.83E+00 4,.68E+01
LB4110R - C1 Beta 11/24/2006 11/24/2014 1.32E+00 P -4.30E+01 2.72E+00 4.85E+01
LB4110R ~ C2 Beta 11/24/2006 11/24/2014 1.52E+00 P -4,29E+01 2.56E+00 4.80E+01
LB4110R - C3 Beta 11/24/2006 -11/24/2014 1.50E+00 P -4.34E4+01 2.36E+00 4.81E+01
LB4110R - C4 Beta 11/24/2006 11/24/2014 1.52E+00 P -4.90E+01 2,72E+00 5.44E+4-01
LB4110R - D1 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.36E+01 | 5.31E+00 5.43E+01
LB4110R - D2 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.67E+01 | 1.79E+00 5.03E+01
LB4110R - D3 Beta 11/24/2006 11/1/2014 0.00E+00 P -5.02E+01 | 5.28E+00 6.07E+01
LB4110R - D4 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.64E-+01 2.13E+00 5.07E+01

LB5100 -1 Beta 7/10/2006 10/26/2007 4,52E4+00 F -3.19e-01 1.5BE+00 3.48E+00

Printed: 11/24/2014 G:47 AM
Page 1 of 1
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report

{ALL Efficiencies)

Printed: 11/24/2014 6:47 AM

Detector Alpha/Beta Calibration Date Count Date Eff PFW LCL Mean ucL
LB4110A - Al| Alpha 11/18/2007 11/24/2014 0.2375 P 0.0106 0.2189 0.4271
LB4110A - A2| Alpha 11/18/2007 11/24/2014 0.2037 P -0.0266 0.1787 0.3840
LB4110A - A3| Alpha 11/18/2007 11/24/2014 0.1996 P -0.0483 0.1698 0.3878
LB4110A - A4| Alpha 11/18/2007 11/24/2014 0.2289 P -0.0272 0.1903 0.4079
LB4110A - B1| Alpha 11/18/2007 11/24/2014 0.2229 P 0.1953 0.2235 0.2517
LB4110A - B2| Alpha 11/18/2007 11/24/2014 0.2100 P 0.1889 0.2189 0.2488
LB4110A - B3| Alpha 11/18/2007 11/24/2014 0.2333 P 0.1377 0.2326 0.3276
LB4110A - B4| Alpha 11/18/2007 11/24/2014 0.2304 P 0.2058 0.2343 0.2627
LB4110A - Ci| Alpha 11/18/2007 11/24/2014 0.2165 P 0.1980 0.2200 0.2421
LB4110A - C2| Alpha 11/18/2007 11/24/2014 0.2265 P 0.1989 0.2250 0.2510
LB4110A - C3| Alpha 11/18/2007 11/24/2014 0.2445 P 0.2242 0.2489 0.2735
LB4110A - C4| Alpha 11/18/2007 11/24/2014 0.2184 P 0.1982 0.2249 0.2517
LB4110A - D1| Alpha 11/18/2007 11/24/2014 0.2193 P 0.1797 0.2303 0.280%
LB4110A - D2} Alpha 11/18/2007 11/24/2014 0.2469 P 0.2017 0.2557 0.3097
LB4110A - D3| Alpha 11/18/2007 11/24/2014 0.2554 P 0.2054 0.2611 0.3168
LB4110A - D4| Alpha 11/18/2007 11/24/2014 0.1930 P 0.1488 0.1973 0.2458
LB4110R - Al| Alpha 11/24/2006 11/24/2014 0.2320 P 0.2002 0.2376 0.2751
LB4110R - A2| Alpha 11/24/2006 11/24/2014 0.1972 P 0.1847 0,2185 0.2524
LB4110R - A3| Alpha 11/24/2006 11/24/2014 0.2134 p 0.1922 0.2230 0.2537
LB4110R ~ A4| Alpha 11/24/2006 11/24/2014 0.2378 P 0.2130 0.2445 0.2760
LB4110R - B1{ Alpha 11/24/2006 11/24/2014 0.1977 P 0.1702 0.2224 0.2746
LB4110R - B2| Alpha 11/24/2006 11/24/2014 0.1787 P 0.1670 0.2142 0.2615
LB4110R - B3| Alpha 11/24/2006 11/24/2014 0.2103 P 0.196%9 0.2431 0.2892
LB4110R - B4| Alpha 11/24/2006 11/24/2014 0.1866 w 0.1799 0.2283 0.2768
LB4110R - C1| Alpha 11/24/2006 11/24/2014 0.2059 P 0.1795 0.2138 0.2481
LB4110R - C21 Alpha 11/24/2006 11/24/2014 0.2157 P 0.1898 0.2228 0.2558
LB4110R - C3} Alpha 11/24/2006 11/24/2014 0.2275 P 0.2033 6.2380 0.2726
LB4110R - C4} Alpha 11/24/2006 11/24/2014 0.2068 P 0.1778 0.2154 0.2611
LB4110R - D1} Alpha 11/24/2006 11/1/2014 0.0000 w -0.0281 0.1904 0.4089 .
LB4110R - D2} Alpha 11/24/2006 11/1/2014 0.0000 w -0.0314 0.2165 0.4644
L.B4110R - D3} Alpha 11/24/2006 11/1/2014 0.0000 W -0.0308 0.2127 0.4562
LB4110R - D4} Alpha 1172472006 11/1/2014 0.0000 w -0.0260 0.1714 0.3689

LB5100 - 1 Alpha 7/10/2006 10/26/2007 0.3368 p 0.3332 0.3455 0.3578
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Repor;t

(ALL Efficiencies)

Printed: 11/24/2014 6:47 AM

Detector

Calibration Date

Alpha/Beta Count Date Eff PFW LCL Mean ucL

LB4110A - Al Beta 11/18/2007 11/24/2014 0.5692 P 0.243%9 0.5629 0.8819
LB4110A - A2 Beta 11/18/2007 11/24/2014 0.4648 P 0.1921 0.4677 0.7433
LB4110A - A3 Beta 11/18/2007 11/24/2014 0.4926 p 0.1281 0.4632 0.7982
LB4110A - A4 Beta 11/18/2007 11/24/2014 0.5618 P 0.1784 0.5028 0.8272
LB4110A - B1 Beta 11/18/2007 11/24/2014 0.5485 P 0.4666 0.5333 0.5999
LB4110A - B2 Beta 11/18/2007 11/24/2014 0.5336 P 0.4678 0.5272 0.5866
LB4110A - B3 Beta 11/18/2007 11/24/2014 0.5970 P 0.3373 0.5417 0.7462
LB4110A - B4| Beta 11/18/2007 11/24/2014 0.5700 P 0.4951 0.5559 0.6166
LB41310A - C1 Beta 11/18/2007 11/24/2014 0.5457 P 0.4368 0.5115 0.5863
LB4110A - C2 Beta 11/18/2007 11/24/2014 0.5601 P 0.3994 0.5160 0.6325
LB4110A - C3 Beta 1i/18/2007 11/24/2014 0.6207 P 0.5259 0.5978 0.6697
LB4110A - C4 Beta 11/18/2007 11/24/2014 0.5721 P 0.4528 0.5330 0.6131
LB4110A - D2 Beta 11/18/2007 11/24/2014 0.7162 W 0.3872 0.5646 0.7420
LB4110A - D2 Beta 11/18/2007 11/24/2014 0.6806 P 0.4358 0.5915 0.7471
LB4110A - D3 Beta 11/18/2007 11/24/2014 0.6681 P 0.4806 0.6156 0.7507
£B4110A - D4 Beta 11/18/2007 11/24/2014 0.4929 p 0.3516 0.4714 0.5912
LB4110R - Al Beta 11/24/2006 11/24/2014 0.5733 P 0.4818 0.5701 0.6583
LB4110R - A2 Beta 11/24/2006 11/24/2014 0.5053 P 0.4236 0.5114 0.5993
LB4110R - A3 Beta 11/24/2006 11/24/2014 0.5401 P 0.4568 0.5386 0.6203
LB4110R - A4 Beta 11/24/2006 11/24/2014 0.6187 P 0.5100 0.5953 0.6806
LB4110R - B1 Beta 11/24/2006 11/24/2014 0.4721 P 0.4284 0.5393 0.6502
LB4110R - B2 Beta 11/24/2006 11/24/2014 0.4497 P 0.4117 0.5172 0.6227
{B4110R - B3 Beta 11/24/2006 11/24/2014 0.5364 P 0.4824 0.5958 - 0.7091
LB4110R - B4 Beta 11/24/2006 11/24/2014 0.4726 P 0.4429 0.5478 0.6527
LB4110R - C1 Beta 11/24/2006 11/24/2014 0.4874 P 0.4140 0.5016 0.5892
LB4110R - C2 Beta 11/24/2006 11/24/2014 0.5304 P 0.4337 0.5357 0.6376
LB4110R - C3 Beta 11/24/2006 11/24/2014 0.5786 P 0.4822 0.5742 0.6663
LB4110R - C4 Beta 11/24/2006 11/24/2014 0.5276 P 0.4316 0.5258 0.6201
LB4110R - D1 Beta 11/24/2006 11/1/2014 0.0000 w -0.0678 0.4553 0.9785
LB4110R - D2 Beta 11/24/2006 11/1/2014 0.0000 W -0.0756 0.5116 1,0989
LB4110R - D3 Beta 11/24/2006 11/1/2014 0.0000 w -0.0736 0.4969 1.0674
LB4110R - D4 Beta 11/24/2006 11/1/2014 0.0000 w -0.0630 0.4090 0.8811

1B5100 -1 Beta 7/10/2006 10/26/2007 0.4428 F 0.4555 0.4731 0.4906
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AL ™




SECTION XII

BARIUM-133 ANALYTICAL TRACER DATA
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11/20/2014  8:14:18AM

—==Apex-Gamma

Analysis Report for  1411095-01
SPIKE

Page 1 of 6

<
[t 2—

GAMMA SPECTRUM ANALYSIS

Sample Identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started

: 1411095-01
: BPIKE
: RARECOVERY

: 1.000E+00 uniis
: Countroom

1 11/20/2014 7:46:47TAM
1 11/20/2014 7:52.08AM

Procedure . BAFIL
Operator . Administrator
Detector Name . GE2
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time : 900.2 seconds
Dead Time : 003 %
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) 1 1-4006
Peak Area Range (in channels) : 7-4096
|dentification Energy Tolerance - 1.000 keV
Energy Calibration Used Done On 1 11/2/2014
Efficiency Calibration Used Done On 1 11/9/2014
Efficiency Calibration Description :
Sample Number 15272

Peak Analysis Performed on o 11/20/2014  8:14:11AM

Peak Analysis From Channel 1
Peak Analysis To Channel : 4096

Peak Energy ROI ROI Peak Net Peak Net Area Continuum  FWHM

No. {keV) start end Centroid Area Uncertainty Counts (keV)
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11/20/2014  8:14:18AM Page 2 of 6
Analysis Report for  1411095-01
SPIKE
Peak Energy ROI ROI Peak Net Peak NetArea Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
M 1 30.92 27 - 40 31.03 1.53E+03 84,05 2.55E+02 1.35%
m 2 35.12 27 - 40 35.23 3.75E+02 49,83 1.18E+02 1.61
3 52.66 49 - 57 52.76 5.74E+01 35.85 1.63E+02 3.89
4 61.55 58 - 65 61.64 1.22E+02 51.11 3.58E+02 1.31
5 66.35 65 - 69 66.45 6.57E+01 29.15 1.19E+02 1.79
6 81.09 76 - 85 81.17 6.39E+02 64 .83 2.35E4+02 1.41
7 102.85 99 - 106 102.92 3.18E+01 29.12 1.20E+02 1.26
M 8 111,69 107 - 119 111.76 1.57E+02 31.68 7.61E+01 1.71
m 9 116.16 107~ 119 116.22 2.83E+01 22.08 7.13E+01 1.73
10 137.41 135 - 139 137.46 1.72E+01 19.04 6.56E+01 1.80
11 239.53 235 - 245 239.53 3.5BE+01 33.62 1.30E402 2.09
12 276.31 271 - 283 276.29 4.36E+01 30.72 8.89E+01 1.85
M 13 293.97 291 - 315 293.93 1.395+01 11.40 1.58E+00 1.99
m 14 302.85 291 - 315 302.82 1.36E+02 24.53 1.27E+01 1.63
M 15 330.05 329~ 341 330.00 6.63E+00 5.66 6.10E+00 1.41
m 16 333,71 329~ 341 333.65 5.83E+01 15.95 1.91E+01 1.77
m 17 338.20 329 - 341 338.14 1.28E+01 12.25 2.39E+01 1.56
M 18 355.98 352 - 362 355.892 4,20E+02 42 .17 2,18E+01 1.56
m i9 360.07 352 - 362 360.00 9.13E+00 10.58 8.36E+00 1.44
20 385.66 381 - 389 385.58 2.10E+02 37.53 1.12E402 3.99
21 391.23 390 - 394 391.14 2.92E4+01 16.55 3.16E+01 1.33
22 436.73 432 - 440 4£436.63 7.74E+01 19.92 1,33E+01 1.51
23 454,57 451 - 458 454,46  1.10E+01 9.59 8.00E+00 3.94
24 469.04 465 - 473 468,92 1.73E+01 TI5V41 2 U 33EF0T 1,58
25 674.42 671 - 676 674.20 5.0CE+00 4,47 0.00E+00 2.31
M = First peak in a muitiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on » 11/20/2014  8:14:11AM
Env. Background File . WOR-GAMMA1\ApexRoot\Countroom\Data\0000015027 . CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 30.92 1.53E+03 84.05 1.53E+03 8.40E+01
m 2 35.12 3.75E+02 49.83 3.75E+02 4.98E+01
3 52.66 5.74E4+01 35.85 5.74E+01 3.58E+01
4 61.55 1.22E+02 51.11 1.22E+02 5.11E+01
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11/20/2014  8:14:18AM Page 3 of 6
Analysis Reportfor  1411095-01
SPIKE
Peak Energy Original  Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert Area Uncert.
5 66,35 6.57E+01 29.15 6.57E+01 2.92E+01
6 81.09 6.39E+02 64,83 6.39E+02 6.48E4+01
7 102.85 3.18E+01 29.12 3.18E+01 2,91E+01
M 8 111.69 1.57E+02 31.68 1.578+02 3.17E+01
m 9 116.16 2.83E401 22.08 2.83E+01 2.21E+01
10 137.41 1.72E+01 19.04 1.72E+01 1.9CE+01
11 239.53 3.58E+01 33.62 3.89E+00 1.82E+00 3.1%E+01 3.37E+01
12 276.31 4,.36E+01 30.72 4,36E+01 3.07E+01
M 13 293.97 1.39E+01 11.40 1.398+01 1.14E+01
m 14 302.85 1.36E+02 24,53 1.36E+02 2.45E+01
M 15 330.05 6.63E+00 5.66 6.63E+00 5.66E+00
m 16 333.71 5.83E+01 19.95 5.83E+01 1.99E+01
m 17 338.20 1.28E+01 12.25 1.28E+01 1,22E+01
M 18 355.98 4,.20E+02 42 .17 4.20E+02 4,22E+01
m 19 360.07 9.13E+00C 10.58 9.13E+00 1.06E+01
20 385.66 2.10E+02 37.53 2.10E+02 3.75E+01
21 3%81.23 2.92E+Q1 16.55 2.92E+C1 1.65E+01
22 436.73 7.74E+01 19.92 7.74E+01 1.99E+01
23 454,57 1.10E+01 9.5¢9 1.10E+01 9.59E+00
24 469.04 1.73E+01 15.41 1.73E+01 1.54E+01
25 674.42 5.00E+00 4.47 5.00E+00 4.47E+00
M = First peak in a multiplet region
m = QOther peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nuglide Library Used : WOR-GAMMA1\ApexRoot\CountrocomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%s) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
SN-113 0.92 255.12 1.93
: 391.69 ~* 61.80 2.028+01 1.16E+01
I-125 0.97 35.49 * 6.49 3.98E+01 5,2%9E+00
BA-133 0.98 30.80 * 97.60 5.54E+00 4.57E-01
81.00 * 33.00 3.44E+02 6.36E+01
302.84 * 17.80 4.50E+02 1.44E+402
356.01 * €£0.C0 3.45E+02 5.94E+C1
383.85 8.70
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11/20/2014  8:14:18AM Page 4 of 6

Analysis Report for  1411095-01
SPIKE

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name M Activity Activity
Confidence (pCifunits) Uncertainty
SN-113 0.928 2.02E+01 1.16E+01
I-125 0.978 3.08E+01 5.29E+00C
BA-133 0.987 5.58E+00 4,57E-01

?
X
@

Errors quoted at 2.000sigma

nuclide is part of an undetermined solution
nuclide rejected by the interference analysis
nuclide containg energy lines not used in Weighted Mean Activity
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11/20/2014  8:14:18AM PageSof 6
Analysis Report for  1411085-01
SPIKE
UNIDENTIFIED PEAKS
Peak Locate Performed on : 112002014 8:14:11AM
Peak Locate From Channel 21
Peak Locate To Channel : 4096
‘ Peak CPS (%) Peak Tolerance
Peak No. Energy (keV} Peak Size (CPS)  yncertainty Type Nuclide
3 52.66 6.37770E-02 3L.23
4 61.55 1.35382E-01 20.97 Sum
5 66.35 7.29911E~-02 22.1% Sum
7 102.85 3.528%9E-02 45.84
M 8 111.69 1.74575E-C1 10.08 Sum
m 9 116.16 3.14813E-02 38.96 Sum
10 137.41 1.91111E-02 55.35
11 239.53 3.54511E-02 52.76
12 276.31 4.83%65E-02 35.26
M 13 293.97 1.54358E~02 41.04
M 15 330.05 7.36567E-03 42 .67
m lé 333.71 6.47319E-02 17.12 Sum
m 17 338.20 1.41894E-02 ' 47,95 Sum
m 1% 360.07 1.01431E-02 57.96
20 385.66 2.33354E-01 8.93
22 436.73 8.59722E-02 12.87 Sum
23 454,57 1.22222E-02 43,60
24 469.04 1.92529E-02 44 .47
25 674.42 5.55556E-03 44 72
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fifted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT

Nuclide Library Used

. WOR-GAMMAT\ApexRoot\CountroomiLibrary\WSRC.NLB
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11/20/2014  8:14:18AM Page 6 of 6
Analysis Report for  1411095-01

SPIKE

Nuclide Energy Yield(%) Linre MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCHunits) (pCi/units) {pCl/units) {(pCi/units)
FE-55 5.89 24.50 1.17E-06 1.17E-06 -5.53E~-06 5.28E-07
Co-57 122.06 85.51 1.69E+01 1.695+01 4,.53E+00 7.77E+Q0
136.48 10.60 1.70E+02 4.49E+01 7.85E+01
NI-59 6.92 29.80 1.12E-05 1.128-05 -2.37E-05 5.38E-06
MO-93 16.59 52.90 7.40E-03 7.40E-03 2.90E-03 3.52E-03
18.60 10.00 8.87E-02 -1.48E-01 4,22E-02
NB-93M 16.57 9.43 4.12E-02 4,12E-02 1.61E-02 1.96E-02
CD-105 88.03 3.72 2.36E+02 2.36E+02 7.73E+01 1.10E+02
+ SN-1123 255,12 1.93 8.08E+02 1.61E+01 -2.20E+02 3.57E+02
391.69 * 61.90 1.61E+01 2.02E+01 7.13E+00
SN-119M 23.87 16.10 2.82E-01 2.78E-01 -1.13E-01 1.34E-01
25.10 22,70 2.178E-01 -7.13E-03 1.32-01
+ I-125 35.49 * 6.49 1.378+01 1.37E+01 3.988+01 6.69E+00
I-129 29,78 57.00 8.92E-01 8.92E-C1 4.90E+00 4_.39E-01
33.60 13.20 3.47E+00 -1.25E401 1.68E+00
39.58 7.52 4.10E+00 -1,85E+0C 1.83E+00
+ BA-133 30.80 = 97.60 4,78E-01 4.78E~01 5.54E+00C 2,34E-01
81.00 * 33.00 3.73E+01 3.44E+02 1.79E+01
302.84 * 17.80 1.78E+02 4,50E+02 8.48E+01
356.01 * 60.00 2.73E+01 3.45E+02 1.26E+01
383.85 8.70 3.12E+02 -2.49E+02 1.49E+02
Cr-139 165.85 80.35 2.47E+01 2.47E+01 7.38E+00 1.138+01
5 CE-144 133.54 10.8C 1.41E+02 1.41E+02 2.95E+C1 6.,44E+01
| HG-203 279.19 77.30 2.53E+01 2.53E+01 -2.40E+00 1.15E+01
5 FB-210 10.80 9.57 3.55E-03 3.55E-03 -1.21E-02 1.74E-03
46.50 4,25 1.81E+01 3.24E+0C 8.22E+400
PA-231 9.28 42 .00 2,34E-04 2.348-04 6.26E-04 1.15E-04
10.1% 20.20 1.06E-03 3.49E-03 5.21E-04
283.67 1.60 8.31E+02 -1.42E+01 3.63E+02
’ 302.67 2.30 1.49E+03 3.12E+03 7.10E+02
§ TH-231 25.64 14.790 5.03E-01 5.03E-01 3.22E~-02 2.40E-01
5 84.21 6.40 9.40E+01 -3.64E+02 4,.28E+01
PA-234 9.89 89.00 2.00E-(G4 2.00E-04 6,57E-04 9.81E-05
21.72 64.90 4 . 57E-02 3.85E-02 2.19E-02
37.93 23.75 1.45E+00 =-2,57E+00 6.69E-01
131.42 20.40 7.75E+01 1.68E+00 3.55E+01
TH-234 63.29 3.80 1.43E+02 1.43E+402 2.39E+02 6.87E+01
Np-237 29.37 14.00 1.67E+00 1.67E+00 -2.78E+01 8.0%E-01
i 86.50 12.60 6.52E+01 1.46E+01 3.04E+01
| g-237 97.08 16.30 5.60E+01 4.360E+01 7.91E+00 2.57E+01
; 101.07 26.30 4.36E+01 2.25E+00 2.03E+01
114.00 12.30  2.02E+02 1.92E+02 9.66E+01
208.01 22.00  9.16E+01 1.57E+01 4.16E+01
i AM-241 59.54 35.90 8.60E+0C 8.60E+00 -2.18E+01 4.05E+00
i AM-243 74.67 66.00 6.76E+00 6.76E+00 1.28E+00 3.09E+00

} + = Nuclide identified during the nuclide identification

| * = Energy line found in the spectrum
> = MDA value not calculated
@ = Hali-life too short to be able to perform the decay correction
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o & 11/20/2014  8:33:56AM Page 1 of 7
- _=Apex-Gamma
‘ Analysis Report for ~ 1411095-02
BLANK _—
|
| ?
| / ;
GAMMA SPECTRUM ANALYSIS
Sample Identification : 1411095-02
, Sample Description : BLANK
Sample Type : RARECOVERY
5
Sample Size : 1,000E+00 units
Facility ; Countroom
Sample Taken On : 11/20/2014 7:46:58AM
Acquisition Started 1 11/20/2014  8:18:49AM
Procedure : BAFIL
Operator . Administrator
Detecter Name 1 GE2
Geametry : BAFIL
Live Time : 900.0 seconds
E Real Time : 900.3 seconds
Dead Time : 0.03%
Peak Locate Threshold : 2.50
Peak Locate Range (in channels) : 1-4096
3 Peak Area Range (in channels}) : 7-40986
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On T 114212014
Efficiency Calibration Used Done On 1 11/9/2014
Efficiency Calibration Description ;
Sample Number 1 16276
: |
' Peak Analysis Performed on 1 11/20/2014  8:33:52AM
Peak Analysis From Channel 1
Peak Analysis To Channel : 4096
Peak Energy RO/ ROI Peak Net Peak Net Area Continuum FWHM
No. {keV) start end Centroid Area Uncertainty Counts (keV)




11/20/2014  8:33:56AM Page2 of 7

Analysis Report for  1411085-02

BLANK
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
1 20.73 18 - 23 20.85 £.96E+01 53.68 5.19E+02 1.58
M 2 27.98 27 - 40 28.10 3.91E+01 14.67 8.48E+01 1.10
m 3 30.95 27 - 40 31.07 1.70E+03 89.49 2.36E+02 1.33
m 4 35.1¢ 27 - 40 35.27 3.51E+02 47,37 1.21E+02 1.33
M 5 61.90 58 - 72 62.00 1.92E+02 35.10 1.,05E+02 1.57
m ) 66.10 58 - 72 66.20 1.19E+02 30.20 9.89E+01 1.77
7 81.12 78 - 85 g8l.21 7.62E+02 63,78 1.67E4+02 1.49
M 8 111.73 108 - 120 111.79 1.76E+02 34.34 9.,75E+01 1.71
m 9 116.04 108- 120 116.11 3.22E+01 24,07 8.01E+01 1.73
10 172.51 169- 176 172.54 2.55E+01 27.78 1.11E+02 3.75
11 276.01 272~ 279 275.98 3.23E+01 24.74 8.,15E+01 1.29
12 285.79 283 - 290 285.76 1.46E+01 15.10 2.88E+01 2.48
M 13 302.83 299 - 316 302.79 1,.37E+02 25.38 2.34E+01 1.59
m 14 307.02 299 - 316 306.98 3.59E+01 18.03 2.54E+01 1,97
M 15 333.76 329 - 342 333.70 5.99E4+01 20.27 2.86E+01 1.71
m 16 337.89 329- 342 337.83 1.85E+01 15.46 3.30E+01 1.71
17 355.95 352~ 359 355.89 4.44E+02 46,95 7.07E+01 1.52
18 365.98 361 - 371 365,91 1.93E+01 22.06 5.34E+01 5.72
19 385.61 381 - 389 385.53 2.23E+02 40.28 1.12E+GC2 3.72
20 391.01 390~ 395 390.92 2.31E+01 20.20 4,98E+01 1.49
21 416,44 410 - 424 416.35 7.02E+01 25,32 3.96E+01 4.08
M 22 434.11 431 - 441 434.00 6.65E+00 11.68 8.66E+00 1.53
m 23 437.12 431 - 441 437.02 7.52E+C1 18.34 5,09E+00 1.68
24 467,73 465- 470 467,60 1.86E+01 11.49 1.08E+01 1.97
25 596.96 592 - 601 596.77 2.20B+01 9.38 0.00E+00 5.00
26 766.69 764~ 769 766.43 7.00E+0C 5.29 0.00E+00 2.22
27 1011.,77 1008 - 1013 1011.40 5.00E+00 4,47 0.00E+00 1.70
M = First peak in a muitiplet region
m = QOther peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on 1 11/20/2014  8:33:52AM
Env. Background File : WOR-GAMMA1\ApexRootCountroom\Data\0000015027.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert, Area Uncert.
1 20,73 6.96E+01 53.68 6.968+01 5.37E+01
M 2 27.98 3.91E+01 14,67 3.91E+01 1.47E+01
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Peak Energy Original  Orig. Area Ambient Backgr. Subftracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
m 3 30.95 1,70E+03 89.49 1.70E+03 8.95E+01
m 4 35.16 3.51E+02 47 .37 3.51E+02 4.74E+01
M 5 61.90 1.92E+02 35.10 1.92E+402 3.51E+01
m 6 66.10 1.19E+02 30.20 1.19E+02 3.02E+01
7 81.12 7.62E+02 63.78 7.62E+02 6.38E+01
M 8 113,73 1.76E+02 34.34 1.76E+02 3.43E+01
m 9 116.04 3.22E+01 24.07 3.22E+01 2.41E+01
10 172.51 2.55E+01 27.78 2.55E+01 2.78E+01
i1 276.01 3.23E+401 24.74 3.23E+01 2.47E+01
12 285.79 1.46E+01 15.10 1,46E+01 1.51E+01
M 13 302.83 1.37E+02 25.38 1.37E+402 2.54E+01
m 14 307.02 3.59E+01 18.03 3.59E+01 1.80E+01
M 15 333.7¢6 5.99E+401 20.27 5.9%E+01 2.038+01
m 16 337.89 1.85E+01 15.46 1.85E+01 1.55E+01
17 355.95 4.448+02 46.95 4.44F+02 4.69E+01
18 365.98 1.938+01 22.06 1.93E+01 2.21E+01
1% 385,01 2.23E+02 40.28 2.23E+02 4,03E+01
20 391,01 2.31E+01 20.20 2.318+01 2.02E+01
21 416.44 7.02E+01 25.32 7.02E+01 2.53E+01
M 22 434.11 6.65E+00 11.68 6.65E+00 1.17E+01
m 23 437.12 7.52E+01 18.34 7.52E+01 1.83E+01
24 467.7173 1.86E+01 11.48 1.86E+01 1.158+01
25 596.96 2.20E+01 9.38 2,20E+01 9.38E+00
26 T766.69 7.00E+00 5.29 7.00E+00 5.29E+00
27 1011.77 5.00E+CO 4,47 5.00E+0Q0 4.47E+00

M = First peak in a multiplet region
m = Other peak in a multiplet region

F = Fitted singlet
Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used

: WOR-GAMMAT\ApexRoot\Countroom\Library\WSRC.NLB

IDENTIFIED NUCLIDES

Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
SN-113 0.89 255.12 1.93

391.69 * 61.90 1.60E+01 1.41E+01
I-125 0.98 35.49 * 6.49 3.74E+01 5.06E+00
BA-133 0.98 30.80 * 97.60 6.19E+00 5.02~01
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Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
BA-133 0.98 81.00 = 33.00 4.10E+02 7.22E+01

302.84 * 17.80 4 .55E+02 1.47E+02

356.01 ~* 60.00 3.64E+02 6.39E+01

383.85 8.7¢C

* = Energy line found in the spectrum.
~ = Manually added nuclide.
? = Manually edited nuclide.

@ = Energy line not used for Weighted Mean Activity

Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name d Activity Activity
Confidence (0Cilunits) Uncertainty
SN-113 0.8921 1.60E+01 1.418+01
I-125 0.983 3.74E+01 5.06E+00
BA-133 0.986 6.24E+00 5.02E-01
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Aclivity

Errors quoted at 2.000sigma
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UNIDENTIFIED PEAKS
Peak Locate Performed on . 11/20/2014  8:33:52AM
Peak L ocate From Channel o1
Peak Locate To Channel : 4096
| Peak CPS (%) Peak Tolerance
i Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
| 1 20.73 7.72881E-02 38.59 Tol. PA-234
| M 2 27.98 4.34523E-02 18.76
| M 5 61.90 2.136845-01 9.13 Sum
| m 6 66.10 1.32565E-01 12.66 Sum
| M 8 111.73 1.951998-01 9.77 Sum
m 9 116.04 3.57936E-02 37.36 Sum
10 172.51 2.83813E-02 54.39
11 276.01 3.58447E-02 38.34
12 285.79 1.62452E-02 51.64
m 14 307.02 3.99223E-02 25.09
M 15 333.76 6.65293E-02 16,93 sum
m i6 337.89 2.05795E-02 41.73 Sum
18 365.98 2.14493R-02 57.13
19 385.61 2.47708E-01 9.03
g 21 416.44 7.79938E-02 18.04
5 M 22 434,11 7.39C74E-03 87.82
m 23 437,12 8.35953E-02 12.19 Sum
24 467.73 2.06481E-02 30.91
25 596.96 2.44444E-02 21,32
26 T66.62 7.77778E-03 37.80
27 1011.77 5.55556E-03 44 .72
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 2.000sigma
NUCLIDE MDA REPORT

Nuclide Library Used 1 WOR-GAMMA T\ApexRaoot\CountraomiLibrary©\WSRC.NLB
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BLANK
Nuclide Energy Yield{%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/units) {pCi/units) (pCifunits) (pCifunits)
FE-55 5.89 24.50 1.01E-06 1.01E-06 ~6.34E-06 4,46E-07
co-57 122.06 85.51 1.54E+01 1.,54E+01 -5.74E+00 7.03E+00
136.48 10.60 1.78E+02 1.53E+01 8.24E+01
NI-59 6.92 29.80 1.13E-05 1.13E-05 -2.05E-05 5.42E-06
MO-93 16.59 52.90 7.46E-03 7.46E-03 -1.49E-03 3.55E-03
18.60C 10.00 9.60E-02 ~9.40E-02 4.58E-02
NB-93M 16.57 9.43 4.158-02 4.15E-02 -8.26E-03 1.97E-C2
CD-109 88.03 3.72 2.05E+02 2.05E+02 -6.428+00 9.44E+01
+ SN-113 255.12 1.983 9.54E+402 2.21E4+01 4.03E+01 4.30E+02
301.69 * 61.90 2.21E+01 1.60E+01 1.01E+01
SN-119M 23.87 16.10 2.85E-01 2.81E-01 1.57E-01 1.36E-01
25%.10 22.70C 2.81lE-01 8.43E-02 1.34E-01
+ I-125% 35.49 * 6.49 1.34E+401 1.34E+01 3.74E+01 6.56E+00
I-129 ‘ 29.78 57.00 9,.47E-01 9.47E-01 5.29E+00 4,67E-01
33.60 13.20C 3.51E+00 -1,81E+01 1.70E+00
39,58 7.52 4.82E+00 2.14E+Q0 2.19E+00
+ BA-133 30.80 * 97.60 4.68E-01 4.68E-01 6.19E+00 2.2%E-01
81.00 ~* 33.00 2.98E+01 4,10E+02 1.42E+01
302.84 * 17.80 1.61E+02 4 ,55E+02 7.61E+01
356.01 ~* 60.00 3.02E401 3.64E+02 1.40E+01
383.85 g.70 3.19E+02 -3.32E+02 1.538+02
CE-136 165.85 80.35 2.56E+01 2.56E+01 4.60E+00 1.17E+01
CE-144 133.54 10.80 1.74E+02 1.74E+02 4,58E+01 8.07E+(1
EG-203 279,19 77,30 2.30E+0C1 2.30E+01 4,90E+0C 1.04E+01
PB-210 10.80 9.37 3.46E-03 3.46E-03 -9.98E-03 1.69E-03
46.50 4,25 2.178+01 7.77E+00 1.00E+01
PA-231 9.28 42.00 2.31E-04 2.31E-C4 6.46E-04 1.13E-04
10.11 20,20 1.03E-03 2.96E~Q3 5.07E-04
283.67 1.60 9.36E+02 7.31E+02 4,15E+02
302,67 2,30 1.52E+03 2.65E+03 T.25E+02
TH-231 25.64 14.70 4,.83E-01 4.83E-01 -2.59E-02 2.30E-01
84.21 6.40 9.52E+01 -5.78E+02 4.34E+01
PA-234 9.89 82.00 1.95E-04 1.95E-04 5.57E-04 9,54E~-05
21,72 64.90 4.44E-02 1.518-02 2.13E-02
37.93 23.75 1.35E+00 -3.57E+0C 6.16E-C1
131.42 20.40 8.55E+01 -7.07E+00 3.,96E4+01
TH-234 63.29 3.80 1.44E+02 1.44E+02 2,29E+02 6.90E+01
NP-237 29,37 14.00 1.76E+00 1.76E+00 -3.17E+01 8.55E-01
86.50 12.60 5.84E+01 9.21E+00 2.,69E+01
U-237 97.08 16.30 6.02E+01 4.48E+01 -4 ,54E+01 2.78E+01
101.07 26.30 4 _48E+01 2.54E+00 2.08E+01
114.400 1z.30 2.198+02 2.81E+02 1.05E+02
208.01 22.00 1.07E+02 -2.80E+01 4. 92E+01
BM-241 59.54 35.90 8.17E+00 8.17E+00 -2.69E+01 3.83E+00
AM=-243 74.67 66.00 7.50E+00 7.50E+00 2.808+00 3.46E+00
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Halfdife too short to be able to perform the decay correction

236




11/20/2014  8:33:56AM Page 7 of 7

Analysis Report for  1411085-02
BLANK

237




0000015276.CNF

Uive Time :900.000 sec
Real Time :900.260 sec
start:  1i 0.9(kev)
1054 Stop : 4096:4096.6(keV)
Acq. Start :Thu nov 20 08:18:4% 2014

104-

=t
Lo ]
r

Counts-log scale

102

w0l

TR T

O T 1 i | I 1
500 1500 2000 2500 3000 3500 4000
Channel

B
ROI Type: 2




éApex-—Gam ma

Analysis Reportfor ~ 1411095-03

11/20/2014

FEE-DRI-W-FADW28206L

8:57:14AM

Page 1 of 7

.
[0

GAMMA SPECTRUM ANALYSIS

Sample Identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started

. 1411095-03
: FEE-DRI-W-FADW29206L
: RARECOVERY

: 1.000E+00 units
: Countroom

1 11/20/2014 7:47:25AM
1 11/20/2014  8:42:08AM

Procedure : BAFIL
QOperator : Administrator
Detector Name : GE2
Geometry : BAFIL
Live Time : 800.0 seconds
Real Time : 900.3 seconds
Dead Time : 0.03%
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) :1-4096
Peak Area Range (in channels} L 7 - 4096
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On 1 111212014
Efficiency Calibration Used Done On 1 11/2/2014
Efficiency Calibration Description :
Sample Number 1 15281

Peak Analysis Performed on : 11/20/2014 8:57:11AM

Peak Analysis From Channel 1
Peak Analysis To Channel . 4096

Peak Energy RO! ROI Peak Net Peak Net Area  Continuum FWHM

No. {(keV) start end Centroid Area Uncertainty Counts (keV)
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Analysis Report for ~ 1411095-03
FEE-DRI-W-FADW29206L
Peak Energy RO/ ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
1 20.98 19 - 23 21,10 1.55E+02 48,90 3.91E+02 1.30
2 30.94 27 - 3% 31.086 2.37E+03 106.08 2.78E+02 1.33
3 35.15 27 - 3% 35.2¢ 4.90E+02 54.99 1.21E+02 1.33
4 53.17 50 - 58 53.27 6.41E+01 43.01 2.50E+02 2.26
5 61.87 58 - 74 61.97 2.67E+02 39.60 1.27E+02 1.48
6 66.10 58 - 74 66,19 1.14E+02 34.55 1.57E+02 1.61
7 70.30 58 - 74 70.39 2.06E+01 29.42 1,56E+02 1.61
8 81.03 77 - 84 §1.11 9.72E+02 73.81 2.60E+02 1.32
9 112.02 108- 119 112.08 2.32E+02 39.27 1.19E+02 1,56
10 115.84 108- 119 115.90 5.43E+01 28.32 9.30E+01 1.57
11 276,92 273 - 282 276.90 6.80E+01 31.11 9.81E+C1 1,82
12 303.25 298 - 311 303.21 1.79E+02 45,98 1.60E+02 1.41
13 333.65 328~ 342 333.60 8§.42E+01 23.81 3.25E+01 2.07
14 338.21 329 - 342 338.15 2.66E+01 18.52 3.50E+01 2.07
15 356.01 351 - 360 355.94 6.71E+02 55.38 5.44E+01 1.47
16 ~ 377.01 373 - 38% 376.93 1.31E+01 11.30 2.45E+01 1.61
17 384.11 373 - 395 384.02 1.26E+02 30.79 2.07E+01 1.62
138 386.93 373~ 395 386.85 2.45E+02 32.92 1.23E+01 1.43
19 391,04 373~ 385 390.9¢6 5.26E+01 17.08 1.09E+0C1 1.63
20 414.29 409 - 428 414,20 3.99E+01 15.87 1.50E+0C1 2.00
21 418.60 409 - 428 418.50 2.80E+01L 16.73 1.C48+01 2.01
22 436.96 433 - 439 436.85 1.22E8+02 23.34 1.02E+01 1.85
23 448.16 443 - 453 448,05 2.45E+01 11.76 4.93E+00 8.23
24 468.80 463 - 475 468.68 2.60E+01 18.03 2.60E+01 1.83
25 575.15 572 - 577 574.97 7,.50E+00 6.71 3.00E+00 2.46
26 641.76 638 - 644 641.56 9.00E+00 6.00 0.00E+00 2.92
27 709,24 706- 711 709.00 5.00E+0C 4.47 0.00E+00 2.98
28 1119.81 1117 - 1121 1119.40 5.00E+00C £.,47 0.00E+CO 1.24
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on ©11/20/2014  B:57:11AM
Env. Background File : WOR-GAMMA1\ApexRoot\Countroom\Data\0000015027.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncerfainty Background Uncert. Area Uncert.
1 20,98 1,55E+02 48.90 7.47E-01 3.74E+00 1.55E+Q2 4,90E+01
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Peak Energy Original Orig. Area Ambient Backgr.  Subfracted Subtracted
No. {keV} Area Uncertainty Background Uncert. Area Uncert.
M 2 30.94 2.37E+(3 106.09 2.37E+03 1.06E+02
m 3 35.15 4.90E+02 54.99 4 .90E+02 5.50E+01
4 53.17 6.41B+01 43.01 2,51E+00 1.44E+0Q0 6.16E+C1 4.30E+01
M 5 61.87 2.67E+02 35.60 2.67E+02 3.96E+Q1
m 6 86.10 1.14E+02 34.55 1.14E+02 3.46E+01
m 7 70.30 2.06E+01 29.4z2 2.06E+01 2.,94E+01
8 81.03 9,72E+02 73.81 §.,72E+02 7.38E+01
M 9 112.02 2.32E+02 39.27 2,32E+02 3.93E+01
m 10 115.84 5.43E+01 28.32 5.43E+01 2,838+01
1% 276.92 6.80E+01 31.11 6.80E+(Q1 3.11E+01
12 303.25 1.79E+02 45,98 1.79E+02 4 . 60E+CL
M 13 333.65 8.42E+C1 23.81 8.42E+01 2.38E+01
m 14 338.21 2.66E+01 18.52 2.66E+01 1.85E+01
i5 356.01 6.718+02 55.38 6.71E+02 5.54E+01
M 16 377.01 1.31E+01 11.30 1.31E+01 1.13E+01
m 17 384.11 1.26E+02 30.79 1.26E+02 3.08E+01
m 18 386.93 2.45E+02 32.92 2.45E+02 3.29+01
m 19 391.04 5.26E+01 17.08 5.26E+C1 1.718+01
M 20 414.29 3.99E+01L 15.87 3.99E+01 1.5%E+01
m 21 418.60 2.80E+01 16.73 2.8C0E+01 1.67E+01
22 436.96 1.22E+02 23.34 1.22E+02 2.33E+01
23 448,16 2.45E+01 11.76 2.45E+01 1.18E+01
24 468,80 2.60E+01 18.03 2.60E+01 1.80E+01
25 575.15 7.50E+00 6.71 7.50E+00 6&.71E+00
26 641.76 9.00E+00 6.00 9.00E+00 6.00E+00
27 709.24 5.00E4+00 4.47 5.00E+00 4.47E+00
28 1119.81 5.00E+00 4.47 6.93E-01 6.94E-01 4,31E+00 4,53E+00

M = First peak In a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors guoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used : WOR-GAMMA \ApexRoot\Countroom\LibrarAWSRC.NLB

IDENTIFIED NUCLIDES

Nuclide id Energy Yield(%s) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
SN-113 0.89 255.12 1.93

391.69 * 61.90 3.65E+C1 1.22E+01
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FEE-DRI-W-FADW29206L
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) {(pCi/units) Uncertainty
I-125 0.98 35.48 * 6.49 5.21E+01 5.86E+00
BA-133 0.99 30.80 % 97.60 8.64E+00C 6.57E-01
81.00 * 33.00 5.22E+02 8.99E+01
302.84 % 17.80 5.94E+02 2.19E+02
356.01 * 60,00 5.51E+02 8.94E+01
383.85 * 8.70 6.41E+0Q2 4.72E+02
* = Energy line found in the spectrum,
~ = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma
Nuclide Nuclide ‘Wt mean Wtmean Comments
Name i Activity Activity
| Confidence (pCilunits) Uncertainty
SN-113 0.898 3.65R+01 1.22E+01
I-125 0.981 5.21E401 5.86E+00
BA-133 0.9%¢ 8.70E+00 6.57E-01
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma
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UNIDENTIFIED PEAKS
Peak Locate Performed on : 11/20/2014  8:57:11AM
Peak Locate From Channel 1
Peak Locate To Channel : 4096
Peak CPS (%} Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
1 20.98 1.71771E-01 15.86 Tol. PA-234
4 53.17 6.84558E-02 34,92
M 5 61.87 2.96131E-01 7.43 Suam
m 6 66.10 1.262975-01 15.20 Sum
m 7 70.30 2.29290E-02 71.29 Sum
M 9 112.02 2.57282E-01 8.48 Sum
m 10 115.84 6.03576E-02 26.06 Sum
11 276.92 7.55081E-02 22,89
M 13 333.65 9.358148-02 14.14 Sum
m 14 338.21 2.96006E-02 34.76 Sum
M 16 377.01 1.459%66E-02 43.02
m 18 386.93 2.71684E-01 6.73 Sum
M 20 414.29 4.43805E-02 19.87 Sum
m 21 418.60 3.10889E-02 29.90 Sum
22 436.96 1.354648-01 9.57 Sum
23 448,16 2.72634E-02 23.96
24 468.80 2.88889E-02 34,67
25 575.15 8.33333E-03 44 .72
26 641,76 1.00000E-02 33.33
27 709.24 5.55556E-03 44,72
28 1119.81 4 78522E-03 52.54
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT

Nuclide Library Used 1 WOR-GAMMAT\ApexRoctiCountroom\Library\WSRC.NLB

o
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FEE-DRI-W-FADW29206L

Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) {pCi/units) (pCi/units) (pCilunits) (pCi/units)
FE-55 5.89 24.50 1.23E-06 1.23E-06 -4.84E-06 5.55E~07
Co-57 122.06 85.51 1,89E+01 1.89E+01 1.22E+01 8.77E+00
' 136.48 10.60  1.95E+02 -8,38E+01 9,09E+01
NI-59 6,92 29.80 1.09E-05 1.09E-05 -2.63E-05 5.23E-06
MQ-923 16.59 52.90 7.4%E-03 7.49E-03 2.96E-03 3.56E-03
18.60 10.00 8.26E~-02 -3.11E-01 4 .41E-02
NB-93M 16.57 9,43 4,17E-02 4,17E-02 1.65E-02 1.98E-02
CD-109 88.03 3.72 2.,41E+02 2.41E402 7.60E+01 1.13E+02
+ SN-113 255,12 1.93 1.09E+03 3.70E+01 -2.99E+01 4,99E+02
381.69 * 61.90 3.70E+01 3,.65E+01 1.75E+01
SN=-119M 23.87 16.10 2.77E-01 2.77E-01 1.04E-02 1.32E-01
25.10 22.70 2.78E=-01 -2.64E-02 1.32E-01
+ I-125 35.49 % 6.49 1.34E+01 1.34E+01 5.21E+01 6.53E+00
I-129 29,78 57.00 1.12E+00 1.12E+00 7.55E+00 5,54E~-01
33.60 13.20 4,17E+00 -2.68E+01 2.03E+00
359,58 7.52 4,.89E+(00 ~1,50E4+00 2.22E+00
+ BRA-133 30.80 ~* 97.60 4.69E-01 4,69E-01 8.64E+00 2.30E-01
81.00 ~* 33.00 3.63E+401 5.22E+02 1.74E+01
302.84 =+ 17.80 2.13E+02 5.,94E+02 1.02E+02
356.01 = 60.00 2.87E4+01 5.51E+02 1.32E+01
383.85 * 8.70 2.73E+02 6.41E+02 1.30E+02
CE-139 165.85 80.35 2,70E+01 2.76E+01 -1.69E+00 1.28E+01
CE-144 133.54 10.80 1.68E+02 1.68E+02 -4 ,55E+C0 7.78E+01
HG-203 279.1¢9 77.30 3.19E+01 3.12E+01 2.698+00 1.48E+(C1
PR-210 10.80 9.57 3.52E-03 3.52E-03 -8.28E-03 1.72E-03
46.50 4,25 2,05E+01 4,70E+00 9,43E+00
PA-231 9.28 42,00 2.29E-04 2.29E-04 5.41E-04 1.12E-04
10.11 20.20 1.056-03 3.32E-03 5,15E-04
283.067 1.60 1.03E+03 -1.56E+02 4.62E+02
302.67 2.30 1.76E4+03 4,46E+03 8.46E+02
TH-231 25.64 14.70 5.15E-01 5.15E-01 4.02E-03 2.46E-01
84.21 6.40 1.12E+02 -5 .58E+02 5.20E+01
PA-234 9.89 89.00 1.98E-04 1,98E-04 6.24E-04 9,69E~-05
21.72 64 .90 5.30E-02 9.07E-02 2.56E-02
37.93 23.75 1,49E+00 -5,59E+00 6.90E-01
131.42 20.40 8.24E+01 -2.68E+01 3.80E+01
TH-234 £3.29 3.80 1.708+02 1,70E+02 3.34E+02 8.18E+01
Np—-237 29,37 14.00 2.02E+00 2.02E4+00 -4,28E+01 9.84E-01
86.50 12.60 6.82E+01 -3.20E+0C1 3.188+01
G-237 97,08 16.30 7.21E+401 4,78E+01 -1.71E+01 3.38E+(01
161.07 26.30 4.78RE+01 1,.77+01 2.24E+01
114.00 12.30 2.63E+02 4.24E4+02 1.27E+02
208.01 22,00 1.22E+02 ~-7.16E+0Q0 5.67E+01
AM-241 56,54 35.90 9.31E+00 9.31E+00 -3.91E+01 4 . 40E+00
AM-243 74.67 66.00 7.22E+00 7.22E+00 2.60E+00 3.32E+00

+

® v

Nuclide identified during the nuclide identification
Energy line found in the spectrum

MDA value not calculated
Half-life too short to be able to perform the decay correction
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Analysis Report for  1411095-03
FEE-DRI-W-FADW29206L
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c 11/20/2014  %15:13AM Page 1 of 7
=Apex-Gamma
Analysis Report for  1411095-04
FEE-BRI-W-FADW29206L 6/7//

Sample Identification : 1411095-04
Sample Description : FEE-BRI-W-FADW29206L
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On 1172012014 7:47:48AM
Acquisition Started 1 11/20/2014  9:00:05AM
Procedure : BAFIL
Cperator . Administrator
Detector Name : GE2
Geometry : BAFIL
Live Time : 900,0 seconds
Real Time : 900.3 seconds
Dead Time : 0.03%
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels} 1 1-4096
Peak Area Range (in channels) : 7-4096
Identification Energy Tolerance . 1.000 keV
Energy Calibration Used Done On 1 114212014
Efficiency Calibration Used Done On 2 11/9/2014
Efficiency Calibration Description :
Sample Number : 15285

Peak Analysis Performed on 1 11/20/2014  9:15:09AM

Peak Analysis From Channel 1
Peak Analysis To Channel : 4096

Peak Energy RO} Peak Net Peak Not Area  Continuum FWHM

No. (keV) start Centroid Area Uncertainty Counts (keV)
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Analysis Report for

11/20/2014  9:15:13AM

1411095-04
FEE-BRI-W-FADW29206L

Page 2 of 7

Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area  Uncertainty Counts (keV)
1 20.92 18 - 24 21.04 9.80E+01 61.22 6.12E+02 1.17
2 30.94 27 - 40 31.05 2.34E4+03 102,98 3.14E+402 1.35
3 35.18 27 - 40 35.29 5.67E+02 56.92 1.33E+02 1.46
4 52.89 50 - 57 52.99 8.38E+01 37.26 1.74E+02 2.86
5 61.85 58 - 72 62.04 2.708+02 40.26 1.18E+02 1.77
6 65.98 58 - 72 66.08 1.21E+02 36.73 1.39E+02 1.77
7 81.10 77 - 86 81.18 8.97E+02 65.51 1.12E+02 1.33
8 83,92 77 - 86 84.00 1.54E+01 19.03 8.68E+01 1.0C
9 92.48 89 - 96 92.56 4,47E+01 35.04 1,73E+02 2.95
10 111.68 109 - 115 111.75 2.00E+02 46.05 2.50E+02 1.29
11 142,64 138~ 147 142.69 5.52E+01 41.51 2.14E+02 3.25
12 161.16 158 - 164 161,20 3.54E+01 31.93 1.57E+02 1.44
13 238.42 236 - 240 238.42 2.34E401 18.65 5.53E+401 1.86
14 276.5% 273~ 282 276.56 8.10E+01 28.53 7.00E401 1.90
15 302,93 299 - 314 302,90 1.59E+02 27.26 3.57E+01 1.60
16 307.50 299 - 314 307.46 3.39E+01 17.97 2.108+01 1.83
17 311.33 299 - 314 311.29 1.06E+01 13.82 1.64E+01 1.67
18 333.28 328 - 336 333.23 1.08E+02 28.97 6.20E+01 1.99
19 337.96 337 - 341 337.91 1.35E+01 16.14 4,70E+01 1.09
20 356.00 352 - 3860 355.93 6.53E+02 56.72 9.03E+01 1.42
21 384.23 380 - 396 384.15 1.44E+02 31.26 1.49E+01 1.62
22 391.17 380 - 396 391.09 5.46E+01 17.46 1.¢0E+00 1.63
23 399.83 397- 404 399.75 1.04E+01 11.83 1.73E+01 3.38
24 415,34 411 - 420 415,24 4.37E+01 27.20 8.26E+01 1.86
25 436.92 433~ 441 436.81 1.01E+02 24.61 3.098+01 1.40
26 468.60 464 - 473 468.54 2.60E+01 15.62 2.00E+01 1.9%
27 608.73 605- 611 608.54 1.35E+01 9.62 7.0CE+00 1.21
28 803.12 799 - 805 802.84 6.608+00 8.03 6.8CE+Q0 2.71
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on o 1172012014 9:15:09AM
Env. Background File : WOR-GAMMA\ApexRoot\Countroom\Data\3000015027.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncerfainty Background Uncert. Area Uncert.
1 20.92 9.73E+01 6.13E+01

9.80E+01 61.22 7.47E-01 3.74E+00
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11/20/2014  9:15:13AM Page 3 of 7
Analysis Report for ~ 1411095-04
FEE-BRI-W-FADW29206L
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert, Area Uncert.
M 2 30.94 2.34E+03 102.98 2.34E+03 1,03E+02
m 3 35.18 5.67E+02 56,92 5.67E+02 5.6%E+01
4 52.89 8.38E+01 37.26 8.38E+01 3.73E+01
M 5 61.95 2.70E+02 40.26 2.70E+C2 4,03E+01
m 6 65.98 1.21E+02 36.73 1.21E+02 3.67E+01
M 7 81.10 8.97E+02 65,51 B.97E402 6.55E+01
m 8 83.92 1.54E+01 19.03 1.54E+01 1.20E+01
9 92.48 4.47E+01 35.04 1.49E+01 2,18E+00 2.98E+01 3.51E+01
10 111.68 2.00E+02 46.05 2.00E+0Q2 4.61E+01
11 142,64 5.52E+01 41.51 5.52E+01 4,15E+01
12 161.16 3.54E+01 31.93 3.54E+01 3.19E+01
13 238.42 2.34E+01 18.65 3.89E+00 1.82E+00 1.95E+01 1.87E+01
14 276.59 8.10E+C1 28.53 8.10E4+01 2.85E+01
M 15 302.93 1.585+02 27.26 1.59E+02 2.73E+01
m le 307.50 3.3984+01 17.97 3.39E+01 1,.80E+01
m 17 311.33 1.06E+01 13.82 1.06E+01 1.38E+01
18 333.28 1.08E+02 28.97 1.08E+02 2.90E+01
19 337.96 1.35E+01 16.14 1.35E+01 1.61E+01
20 356.00 6.53E+02 56.72 6.53E+02 5.67E+01
M 21 384.23 1.44E+02 31.26 1.44E+02 3.13E+01
m 22 381.17 5.46E+01 17.46 5.46E+01 1.75E+401
23 399.83 1.04E+01 11.83 1.04E+01 1.18E+01
24 415.34 4.37E+01 27.20 4,37E+01 2.72E401
25 436.92 1.01E+02 24.61 1.01E+02 2.46E+01
26 468.66 2.60E+0% 15.62 2.60E+C1 1.56E+01
27 608.73 1.35E+01 9.62 3.02E+00 1.07E+00 1.05E+C1L 9.68E+C0
28 803.12 6.60E+00 8.03 6.60E+00 8.03E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nuclide Library Used : WOR-GAMMAT\ApexRootiCountroomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
SN-113 0.92 255.12 1.93
391.69 * 61.90 3.78E+01 1.25E+01
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11/20/2014  9:15:13AM Page 4 of 7
Analysis Report for  1411085-04
FEE-BRI-W-FADW292061

Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
I-125 0.98 35.49 =~ 6.49 6.078+01 6.10E+00
BA-133 0.99 30.80 * 97.60 8.52E+00 6.45E-01
81.00 * 33.00 4 ,83E+02 8.26E+01
302.84 * 17.80 5.29E+02 1.67E+02
356.01 * 60.00 5.36E+02 8.82E+C1
383.85 «* 8.70 7.30E+02 5.32E+02

* = Energy line found in the spectrum.

- = Manually added nuclide.

? = Manually edited nuclide,

@ = Energy line not used for Weighted Mean Activity

Energy Tolerance :

1.000 keV

Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name d Activity Activity
Confidence (pCifunits) Uncertainty

SN-113 0.920 3.78E+01 1.25E+401
I-125 0.985 6.07E+01 6.10E+00
BA-133 0.9297 8.59E+C0 6,44E-01

? = nuclide is part of an undetermined solution

X = nuclide rejected by the interference analysis

@ = nuclide contains energy lines nat used in Weighted Mean Activity

Errors quoted at 2.000sigma




11/20/2014  9:15:13AM Page 5 of 7
Analysis Report for ~ 1411095-04
FEE-BRI-VW-FADW20206L
UNIDENTIFIED PEAKS
Peak Locate Performed on 1 11/20/2014  9:15:09AM
Peak Locate From Channel : 1
Peak Locate To Channel . 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS}  yncertainty Type Nuclide
1 20.92 1.08092E-01 31.52 Tol. PA-234
4 52.89 9.31514E-02 22.22
M 5 61.925 3.00424E-01 7.45. Sum
m 6 65.98 1.34361E-01 15.1¢9 Sum
m 8 83.92 1.71032E-02 61.80 Tol. TH-231
G 92.48 3.31259E-02 58.88
10 111.68 2.22400E-01 11.50 Sum
11 142,64 6.13169E-02 37.61
12 161.16 3.92982E-02 45.14
13 238.42 2.16243E-02 418,14
14 276.59 9.00000E-02 17.61
m 16 307.50 3.76300E-02 26.53
m 17 311.33 1.17351E-02 65.43
18 333.28 1.19976E-01 13.42 Sum
19 337.96 1.49850E-02 59.84 Sum
23 399.83 1.15205E-02 57.06
24 415.34 4,85621E-02 31.12 Sum
25 436,92 1.11743E-01 12.24 Sum
26 468,66 2.88889E~02 30.04
27 608.73 1.16483E-02 46.16
28 803.12 7.33333E-03 60.84
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2,000sigma
NUCLIDE MDA REPORT

Nuclide Library Used

: WOR-GAMMAT\ApexRoot\CouniroomiLibrary\WSRC.NLB
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11/20/2014  9:15:13AM Page 6 of 7
Analysis Report for  1411095-04
FEE-BRI-W-FADW29206L

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/units) (pCilunits)  (pCilunits) (pCitunits)
FE-55 5.89 24,50  1.33E-06 1.33E5-06 -5.36E-06 6.06E-07
CO-57 122.06 85.51  1.94E+01 1.94E+01 7.95E+00 9.00E+00
136.48 10.60  1.79E+02 -3.71E+00 8.31E+01

NI-59 6.92 29.80 1.16E-05 1.16E-05 -2.16E-05 5.58E-06
MO-93 16.59 52.90  7.35E-03 7.35E~03 3.76E-04 3,49E-03
18.60 10.06  9.00E-02 -2.76E-01 4.28E-02

NB-93M 16.57 9.43  4,09E-02 4.09E-02 2.09E-03 1.94E-02
CD-109 88.03 3.72  2.46E+02 2.46E+02 7.59E+01 1.15E+02
+ SN-113 255.12 1.93  9.54E+02 2.13E+01 -4.75E+02 4.30E+02
391.69 * 61.90 2.13E+01 3,78E+01 9.74E+00

SN-119M 23.87 16.10  2.74E-01 2.74E-01 -2.35E-01 1.30E-01
25.10 22.70  2.82E-01 -2.52E-02 1.35E-01

+ I-125 35.49 6.49  1.52E+01 1.52E+01 6.07E+01 7.43E+00
T-129 29.78 57.00 1.09E+00 1.09E+0C 7.,22E+00 5.37E-01
33.60 13.20  4.25E+00 -2 .36E+01 2.07E+00

39.58 7.52  4.69E+00 7.88E-01 2,12E+00

+ BA-133 30.80 * 97.60  5.28E-01 5.28E-01 8.52E+00 2.59E-01
81.00 = 33.00  3.71E+01 4.83E+02 1.788+01

302.84 * 17.80  1.67E+02 5.29E+02 7.91E+01

356.01 = 60.00  3.55E+01 5.36E+02 1.66E+01

383.85 * 8.70 1.63E+02 7.30E+02 7.44E+01

CE-139 165.85 80.35 3.03E+01 3.03E+01 1.35E+01 1.41E+01
CR-144 133.54 10.80  1.78E+02 1.78E+02 4.01E+01 8.27E+01
HG-203 279.19 77.3C  3.04E+01 3.04E+01 8.90E+00 1.41E+01
PB-210 10.80C 9.57  3.354E-03 3,54E-03 -9.57E-03 1.73E-03
46.50 4.25 2.28E+01 1.04E+01 1.06E+01

PA-231 9.28 42.00 2.31E-04 2.31E-04 4.97E-04 1.13E-04
10.11 20.20 1.06E-03 3.398-03 5.18E-04

283.67 1.60  9.36E+02 3.43E+02 4.15E+02

302.67 2.30 1.63E+03 3.91E+03 7,80E+02

TH-231 25,64 14,70  5.29E-01 5.29E-01 -4.,42E-02 2.53E-C1
84.21 6.40  1.18E+02 ~6.60E+02 5.48E+01

PA-234 9.89 89.00 1.99E-04 1.99E-04 6.38E-04 9,75E-05
21.72 64,90 5.04E-02 7.12E-02 2.43E~02

37.93 23.75 1.58E+00 -3.45E+00 7.31E-01

131.42 20.40  8.08E+01 -2.90E+01 3.72E+01

TH~234 63.29 3.80 1.71E+02 1.71E+02 3.38E+02 8.23E+01
NP-237 29.37 14.00  2.00E+00 2.00E+00 -3.83E+01 9,75E-01
86.50 12.60  6.91E+01 2.14E+01 3.23E+01

U-237 97.08 16.30  6.53E+01 4,82E+01 1.37E+01 3.03B8+01
101.07 26.30  4.82E+01 -7.50E+00 2.25E+01

114.00 12.30  2.48E+02 3.89E+02 1.20E+02

208.01 22,00 1.02E+02 -3.90E+01 4,65E+01

AM-241 59,54 35.90  8.65E+00 8.65E+00 -3.65E+01 4.07E+00
AM-243 74.67 66.00  7.50E+00 7.50E+00 2. 7T7E+00 3.46E+00

+

Nuclide identified during the nuclide identification

Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction
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SECTION X1

ANALYTICAL DATA (GROSS ALPHA/BETA)

T
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S?l * SAF1 is used for Gross Alpha and ail other radionuclides. SAF2 is used for Gross Beta only.

Radiometric Tracer

Radiometric Sol#

Eberline Services 1 4_1 1 095 Printed: 11/20/2014 8:07 AM
ppiieis oty GaGbT_ThSr Page of3
Run 1

workorcer [N PREIE ot | S prine
Analysis Code | GaGbT_ThSr 01 LCS LCS 11/18/14 00:00 1.0000E+00
 Rm “ 02 ' MBL  BLANK ! 1118114 00:00 1.0000E+00
" Date Received 11/18/2014 03 | DUP |  FEE-BRI-W-FADW20206L 30 11/13/14 00:00 6.0000E-02)
" Lab Deadline 11/24/2014 04 DO FEE-BRI-W-FADW29206L 39 11/13/14 00:00 6.0000E-02
B Cliént Feu;zor Engineering, Inc. "
Project | FEEBRI B
_ Report Level o 4
Activity Units pCi
Aliquot Units | B -
Matr;x WA N
_ Method EPA 900.0 Modified - -
' WAIphalBéta GPC

Tracer Act {dpm/g)

Carrier

Carrier Conc (mgfmi}

a3

= Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Eberline Services s ’ Printed: 11/20/2014 8:07 AM
Oak Ridge Laboratory 14-11095 ™ Page 2 of 3
Analysis Shest GaGbT_ThSr
Run 1
Internal ! Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier l Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction Desc Aliquot (g} ACT (dpm) Tracer (pCi} % Rec Added (mi) Tare (g) Final (g} Net (g) % Rec % Rec 1* 2*
01 LCS 0.00 7.5961 7.5983 0.0002 1.00 1.00
02 . MBL 0.00 7.4932 7.4840 0.0008 1.00 : 1.00
03 DUP 0.00 7.4654 7.5278 0.0624 1.00 1.00
04 : DO 0.00 7.4628 7.5283 0.0655 1.00 1.00

L9Y

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.  ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Eberline Services - Printed: 11/20/2014 8:07 AM
Oak Ridge Laboratory 14-11095 e Page 3 of3
Analysis Sheet GaGhT_ThSr
Runi
internal | Sample Rough Prep E Rough Prep Prep Prep Sep t0 Sep 0 Sep 1 E Sep t1
Fraction Desc Date By Date By Date/Time By Date/Time By
01 LCS 11/20/14 05:56 | MHIGHTOWER
02 MBL 11/20/14 05:56 ; MHIGHTOWER
03 DUP 11/20/14 05:56 |MHIGHTOWER)
04 DO i 11/20/14 05:56

MHIGHTOWER

* SAF1 is used for Gross Alpha and all other radionuchides. SAF2 is used for Gross Beta only.

= pctual mass exceeded the calibration curve range. Resulis should be qualified as a;ﬁpropriate.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM
Qak Ridge Laboratory . Page 1 0of 3
Work Order: 14-11095-GaGbT-1 9 .
Lab Sample Client Activity . L.Cs LCS 1C5 RPD MDA Blank
Fraction Nuclide Desc Identification Gr:;:ls Resuits Error Estimate MDA Known %R Flag Flag Flag Flag
01 GROSS ALPHA | LCS LCS pCifl 2.64E+02| 3.66E+00| 2.52E-01| 2.69E+02| 98.08 QK oK
- 02 GROSS ALPHA | MBL BLANK pCifl 3.94E-02| 6.81E-02} 1.45E-01 OK oK
3 e
« 03 GROSS ALPHA | DUP FEE-BRI-W.-FADW29206L pCilt 3.06E+01| 7.77E+00| &.36E+00 NA INV
- 04 GROSS ALPHA | DO FEE-BRI-W-FADW29206L pCifl 3.37E+01] 8.91E+00] 7.82E+00 INV
L]
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/20/2014 12:25 PM

Oak Ridge Laborator Work Order: 14-11095-GaGbT-1 Page 2013
Lab - Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time Datef/Time

01 GROSS ALPHA LCS 11/1814 00:00 1.00E+Q0 0.00 0.00 0.00 1.00

- 02 GROSS ALPHA | MBL 11/18/14 00:00 1.00E+00 0.00 0.00 0.00 1.00

e v -
03 GROSS ALPHA DuP 11/13/14 00:00 6.00E-02 0.80 0.00 0.00 223
04 GROSS ALPHA Lo 11/13/14 00:00 6.00E-02 0.00 0.00 0.00 2.31

3 k=

3 L

1O

3 3]

< O

Eberline Services Work Order

Client

Feezor Engineering, Inc.

097




Eberline Services
Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-GaGbT-1

Printed: 11/20/2014 12:25 PM’

Eberﬁne Services Work Order

Client

f

Feezor Engineering, Inc.

Lab . Sample Gounting Halflife Count Bkg
Fraction Nuclide Desc Date/Time {days) Datect Carrier Time Counts GPM Eet
01 GROSS ALPHA | LCS 11/20/14 09:54 LB4110A c1 120 20029 0.066666667 0.2845
= 02 GROSS ALPHA MBL 11/20/14 09:54 LB4110A c2 120 5|0.016666667 0.2857
g '
03 GROSS ALPHA DUP 11/20/14 09:54 LB4110A C3 120 65|0.016666667 0.2878
04 GROSS ALPHA DO 11/20/14 09:54 LB4110A c4 120 66)0.033333333 0.2657
g| k=
; g
R
S| ®
<| QO
-
L3

19¢

Page 3 of 3
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Ebherline Services Work Order

Client

Feezor Engineering, Inc.

Ebetline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM
Oak Ridge Laboratory Page 1 of 3
Work Order: 14-11095-GaGbT-1 g
Lab . Sample Client Activity . LCS LCS Les RPD MDA Blank
Fractian Nugtide Desc Identification Units Results |Error Estimate) MDA | 00 %R Flag Flag Flag Fiag
01 GROSS BETA | LCS LCS pCifl 2.83E402| 3.14E+00| 5.57E-01| 3.00E+02| 94.58 OK oK
- 02 GROSS BETA MBL BLANK pGifl 1.65E-02| 2.51E-01| 5.39E-01 oK OK
3 L -
'
03 GROSS BETA | DUP FEE-BRI-W-FADW28206L pCifl 6.20E4+01| B8.23E+00| 1.1BE+01 OK INV
04 GROSS BETA Do FEE-BRI-W-FADW29206L pCifl 6.02E+01| 7.88E+00| 1.08E+01 INV
g k=
S| L
s O
E: ©
< O
-
-

DD
N
o




5 Eberline Services
: Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Printed: 11/20/2014 12:25 PM

. Page 2 of 3
Work Order: 14-11095-GaGbT-1
Lab Nuctld Sample Sample Sampte Radiometric Grav Mean SAF Saep t0 Sep t1
Fractlon uctide Desc Date Aliguot % Rec % Rec % Rec Date/Time Date(Time
01 GROSS BETA LCS 11/18/14 00:00 1.00E+00 0.00 0.00 0.00 1.00
i 02 GROSS BETA | MBL 11/18/14 00:00 1.00E+00 0.00 0.00 0.00 1.00
g
f 03 GROSS BETA | DUP 11113114 00:00 6.00E-02 0.00 0.00 0.00 1.14
: 04 GROSS BETA DO 11/13/14 00:00 6.00E-02 0.00 0.00 0.00 1.14
gl =
8 L
[’
el O
g 3+3
< O
! -
L

Eherline Services Work Order

-—tin

Client

Feezor Engineering, Inc.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM

Oak Ridge Laboratory Work Order: 14-11095-GaGbT-1 | Page 3 of 3

Lab _ Sample Counting Halflife . Count Bka
Eraction Nuclide Desc DatefTime (days) Detect Carrier Time Counts GPM Eff Ato B, Cor
01 GROSS BETA LCS 11/20/14 09:54 LB4110A C1 120 41348(1.183333333 0.4775 301.5543882
© 02 GROSS BETA MBL 11/20/14 09:54 LB4110A c2 120 122 1 0.4555 1.016666667
] —
X
03 GROSS BETA pup 11/20/14 09:54 LB4110A Cc3 120 624|1.516666667 0.4808 5.062741667
‘_ 04 GROSS BETA PO 11/20/14 09:54 LB4110A C4 120 557 1.2 0.4713 4.502296667
(-]
o
3 L
: 3| ®
< O
L]

Eberline Services Work Order

i

Client

Feezor Engineering, Inc.

L e

=




G9¢

14-11095-GaGbT_ThSr-1 (pCi/l) in WA

Printed: 11/20/2014 8:07 AM

Count Room Report Pagot of 1
Client: Feezor Engineering, Inc. Tracer ID:
Internal Sample Client Sample Sample Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Date Aliquot Aliquot (g} ACT {dpm) Tracer {(pCi) % Rec 1™ 2*
01 LCS LCS 11/18/14 00:00 1.0000 0.00 | 1.00 ; 1.00
02 MBL BLANK 141/18/14 00:00 1.0000 0.00 | 1.00 ; 1.00
03 DUP FEE-BRI-W-FADW29206L. : 11/13/14 00:00 0.0600 0.00 | 1.00 | 1.00
04 DO. | FEE-BRI-W-FADW?29206L | 11/13/14 00:00 0.0800 0.00 | 1.00 | 1.00




i.

332

Eberline Services H Page 1 of 1
Oak Ridge Laboratory Spike and Tracer Worksheet Printed: 11/20/2014 5:56 AM
Internal Work Crder Run Analysis Code Date Technician Technician Initials Withess Initials
GaGbT_ThSr 11/20/2014 5:54 MHIGHTOWER M[[__
- LCS & Matrix Spikes - S LCS MS LCSD. MSD LCS MS LCSD MSD
Isotope : Sol # i Activity Solution | Approx Volume Volume Volume Volume Known  Error Added | Error Known |  Error Added Error
sotope | | dpm/ig Date  : Addition Used (g) Used {g) Used (g) Used (g) pCi | Estimate pCi Estimate pCi | Estimate pCi Estimate
Am-241 | ABO7 596.872; 11/20/2014 0.791 1.0018 R 26835 11582 0.00 £.000 0.00| 0.000 0.00 0.000
e e ein e = e e g e e e o . .. R s . ———T—rr——,,, e ——— 4 e - ,,,,,,,,,,,1:, - - I Y
SryY-90 AB-07 663.937  11/20/2014 0.828|. - 1.0018 299.61) 8.988] 0.00] 0.000 0.00! 0.000] 0.00 0.000
Tracers . : " .Baldance Printer Tapes
. Activity Solution Approx
fraction Isotope Sol # dpmig Date . Addition Tracer LCS
|} ; ;
i : '
) 7 : ' Matrix Spike
i
1 [
i
Version 2.0 08/99
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Printed: 11/20/2014 8:08 AM

Eberling Analytical “
Oak Ridge Laboratory Aliquot Worksheet Page 1 of 1
Work Order Run Analysis Code Ept Units Lab Deadline Technician
GaGbT_ThSr liters 1172412014 MHIGHTOWER
1z |Feezor Engineering, Inc.| sampte | . Muffle Data Diiution Data. Aliquot Data MS Aliquot Data H-3 Solids Only .
Fraction i B T T AR Water Added H3 Dist
- i o Client 1D Type ~ NoofDils . |’ Ratio Aliquot " ‘Net:Equiv Aliquot {mi) Alig
o1 . les [ R R ' 1.0000E+00| - 4:0000E+00 :
02 | BLANK MBL f oo 1.0000E+00| -~ 4:0000E+00
03 | FEE-BRI-W-FADW29206L | DUP 6.0000E-02| - - 6.0000E-02
04 FEE-BRI-W-FADW29206L. DO 6.0000E-02 :'_G.QOO_OOE-Oz
Comments
INY))
o Technician: /MbL Date: I 12-0 ! (4

~J




Eberline Services - Oak Ridge

Version 1.0 9/1999 Gravimetric Worksheet printed: 11/20/20;29?15 3“4[

Analysis Gravimetric Carrier Conc .
Work Order Code Cartier (mgimi) Technician
GaGbT__ThSr MHIGHTOWER
TRetec | Feezor Engineering, Inc.| sample | Carrier Data ; Filter Data , Gravimetric
.l ~-Carrier-Added Filter Tare Filter Final | . Filtér Net S R
A Fraction | .- ClientID . Type .4 (ml} : 2 (g) {g) P (+) = . Recovery’
01 o LCS . ‘ Lo ~.7.5961 7.5963 | - 00002 | o '
02 ‘  BLANK 7.4932 7.4940 |70
03 : DUP

7.4654 | 7.5278 |-
7.4628 75283 |

""04 | FEE-BRI-W-FADW29206L |

89%

Technician: My pae I 120 1




Eberline Services - Oak Ridge Printed: 11/20/2014 5:26 AM
Version 1.0 9/1999 TDS / TSS Worksheet Page 1 of 1

Work Order Analysis Technician
Code
14-11095 GaGbT_ThSr MHIGHTOWER
TRetec | Feezor Engineering, Inc. e R - - - Filter Data ., TDSITSS Maximum Aliq
‘ : SRR ‘Aliquot Fitter Tare Filter Final o Filter-Net o [ IL N IR Ly
Fraction Client ID Sl @ ] (g} gy ot ptmaly e ()
04 FEE-BRI-W-FADW29206L [ = 1 5.0000 oo 7.6139 - 76218 | 70,0079 | 1580.0000 | = ’ quf.zg
1 ‘
;a‘
g
3
4 Technician: Min Date: [{ ;22 4 &
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Detector ID Sample ID Alpha Beta Count Time Voltage

C1
c2
C3
C4

Sheet

1411095-01 20029 41348 120

1411095-02
1411095-03
1411095-04

5 122 120
65 624 120
66 557 120

Page 1

1400
1400
1400
1400

TOD
11/20/14 11:54
11/20114 11:54
11/20/14 11:54
11/20/14 11:54




Eberline Analytical

Dak Ridge Laboratory

GPC Detector Report
{ALL Backgrounds)

Detector Alpha/Beta Callbraticn Date Count Date Bkg CPM PFW LCL Mean ucL
LB4110A - Al Alpha 11/18/2007 11/20/2014 5.00E-02 P -1.94E+01 2.42E-01 1.99E+01
LB4110A - A2} Alpha ) 11/18/2007 . 11/20/2014 1.00E-01 P -1.64E+01 2.18E-01 1.69E+01
LB4110A - A3 Alpha 11/18/2007 11/20/2014 8.33E-02 P -1.60E+01 1.90E-01 1.64E+01
LB4110A - A4 Alpha 11/18/2007 11/20/2014 5.00E-02 p -1.70E+01 2.03E-01 1.74E401
LB4110A - Bl Alpha 11/18/2007 11/20/2014 1.67E-02 P -9.16E-02 7.25E-02 2.37E-01
1B4110A - B2} Alpha 11/18/2007 11/20/2014 6.67E-02 P ~7.14E-02 7.32E-02 2,18E-01
LB4110A - B33 Alpha 11/18/2007 11/20/2014 1.67E-02 P -6.25E-02 5.55E-02 1.73E-01
LB4110A - B4 Alpha 11/18/2007 11/20/2014 5.00E-02 P -1.28E-01 7.73E-02 2.83E-01
LB4110A - C1 Alpha 1i/18/2007 11/20/2014° 6.67E-02 - 4 -1,37E-01 8.78E-02 3.12E-01
LB4110A - C2| Alpha 11/18/2007 11/20/2014 1.67E-02" P -1.66E-01 8.00E-D2 3.26E-01
LB4110A - C3 Alpha 11/18/2007 11/20/2014 1.67E-02- P -1.61E-01 9.41E-02 3.49E-01
LB4110A - C4{ Alpha 11/18/2007 11/20/2014 3.33E-02. P -6.48E-02 6.90E-02 2.03E-01
LB4110A - D1| Alpha 11/18/2007 11/20/2014 3.33E-02 P -5.43E-02 8.01E-02 2,15E-01
LB4110A - D2| Alpha 11/18/2007 11/20/2014 8.33E-02 P -6,96E-02 6.02E-02 1,90E-01
LB4110A - D3t Alpha 11/18/2007 11/20/2014 6.67E-02 P -5.06E-02 6.74E-02 1.85E-01
|B4110A - D41  Alpha 11/18/2007 11/20/2014 8.33E-02 P -6.69E-02 6.99E-02 2.07E-01
LB4110R -~ Al Alpha 11/24/2006 11/20/2014 5.00E-02 P -9.21E-02 9.B1E-02 2.88E-01
.B4110R - A2| Alpha '11/24/2006 11/20/2014 6.67E-02 P -8.51E-02 7.23E-02 2.30E-01
LB4110R - A3 Alpha 11/24/2006 11/20/2014 5.00E-02 P -7.07E-02 8.13E-02 2.33E-01
LB4110R - A4| Alpha 11/24/2006 111/20/2014 1.67E-02 P -5.13E-02 6.90E-02 1.89E-01
LB4110R - B1 Alpha 11/24/2006 11/20/2014 1.67E-02 P -8.92E-02 6.18E-02 2,13E-01
LB4110R - B2| Alpha 11/24/2006 11/20/2014 5_00E-02 P -6,.80E-02 6.03E-02 1.89E-01
LB4110R - B3 Alpha .11/24/2006 11/20/2014 5.00E-02 P -6.48E-02 7.19E-02 2.09E-01
LB4110R - B4} Alpha 11/24/2006 11/20/2014 8.33E-02 P -6.09E-02 6.83E-02 1.97E-01
'LB4_110R -C1l| Alpha 11/24/2006 11/20/2014 0.00E+00 P ~7.45E-02 7.26E-02 2.20E-01
LB4110R - C2| Alpha 11/24/2006 11/20/2014 6.67E-02 P -7.50E-02 6.77E-02 2.10E-01
LB4110R - C3| Alpha 11/24/2006 11/20/2014 5.00E-02 P -8.18E-02 8.40E-02 2.50E-01
LB4110R - C4} Alpha 11/24/2006 11/20/2014 8.33E-02 P -5.96E-02 7.83E-02 2.16E-01
LB4110R - D1 Alpha 11/24/2006 11/1/2014 0.00E+00 P -1.06E-01 6,70E-02 2.40E-01
LB4110R - D2| Alpha 11/24/2006 11/1/2014 0.00E+00 P -8.23E-02 6.65E-02 2.15E-01
LB4110R - D3| Alpha 11/24/2006 11/1/2014 0.00E+0C0 | -8.71E-02 6.63E-02 2.20E-01
LB4110R - D4} Alpha 11/24/2006 11/1/2014 0.00E+00 P -8.04E-02 7.08BE-02 2.22E-01

LB5100 - 1 Alpha 7/10/2006 10/26/2007 5.00E-02 P -1.56E-02 9.58E-02 2.07E-01

Printed: 11/20/2014 6:54 AM
Page 1 of 1
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Eberline Analytical

Dak Ridge Laboratory

GPC Detector Report
{ALL Backgrounds)

Detector Atpha/Beta Calibration Date Count Date Bkg CPM PFW LCt Mean UCL
LB4110A - A1 Beta 11/1.8/2007 11/20/.2014 1.40E+00 P -2.62E+02 7.05E+00 2.76E+02
LB4110A - A2 Beta 11/18/2007 11/20/2014 1.67E+00 P -2.74E+01 2.70E+00 3.2BE+01
LB4110A - A3 Beta 11/18/2007 11/20/2014 1.50E+00 P -4 55E+01 2,57E+00 5.06E+01
LB4110A - A4 Beta 11/18/2007 11/20/2014 7.07E+00 P ~2.90E+0% 3.87E+00 3.67E+01
LB4110A - B1 Beta 11/18/2007 11/20/2014 1.50E+00 P ~-9.42E+00 3.01E+00 1,54E+-01
LB4110A - B2 Beta 11/18/2007 11/20/2014 1.52E+00 P -6.84E+00 1.91E+00 1.07E+01
LB4110A - B3 Beta 11/18/2007 11/20/2014 1.35E+00 P -3.80E-01 1.41E+00 3.19E+00
LB4110A - B4 Beta 11/18/2007 11/20/2014 1.4BE+00 P -6.81E+00 1.91E+00 1.06E+01
LB4110A - C1 Beta 11/18/2007 11/20/2014 1.1BE+00, 4 -4.84E+00 2.00E+00 8.85E+00
LB4110A - C2 Beta 11/18/2007 11/20/2014 1.00E+0C. P 3.75E-01 1.28E+00 2.18E+400
LB4110A - C3 Beta 11/18/2007 11/20/2014 1.52E+00« P 4.36E-01 1.52E4-00 2_61E4+00
LB4110A - C4 Beta 11/18/2007 11/20/2014 1.20E+00 . P -1.60E+00 1.98E+00 5.56E+00
LB84110A - D1 Beta 11/18/2007 . 11/20/2014 1.35E+00 P -2.24E+00 2,49E+00 7.22E+00
LB4110A - D2 Beta 11/18/2007 11/20/2014 5.35E+00 P -3.78E+00 1.97E+00 7.72E4-00
LB4110A - D3 Beta 11/18/2007 11/20/2014 2.05E+00 P 6.90E-01 4.30E+00 7.92E+00
LB4110A - D4 Beta 11/18/2007 11/20/2014 7.03E4+00 P -7.51E+00 1.93E+00 1.14E4+01
LB4110R - Al Beta 11/24/2006 11/20/2014 9.00E-01 P -5.60E+01 | 3.31E+00 6.26E+01
LB4110R - A2 Beta 11/24/2006 11/20/2014 1.17E+00 P -4.43E+01 1.93E+00 4.82E+-01
1LB4110R - A3 Beta 11/24/2006 11/20/2014 1.23E+00 P -4,11E+01 2.53E+00 4.62E+01
.LB4110R - A4 Beta 11/24/2006 11/20/2014 1.18E+00 P -4.08E+01 | 2.01E+00 4,48E+01
LB4110R - Bl Beta 11/24/2006 11/20/2014 1.45E+00 P -4.30E+01 1.93E+00 4.69E+01
I.B4110R - B2 | Beta 11/24/2006 11/20/2014 2.12E+00 P -4,82E+01 | 3.28E+00 5.48E+01
LB4110R - B3 Beta 11/24/2006 11/20/2014 1.40E+00 p -4.29E+01 2.47E+00 4,78E+01
LB4110R - B4 Beta 11/24/2006 11/20/2014 1.28E+G0 P -4,32E+01 1.83E+00 4,68E+01
LB4110R - C1 Beta 11/24/2006 11/20/2014 1.43E+00 P -4.31E+01 2.72E4+00 4,85E+01
{B4110R - C2 Beta 11/24/2066 11/20/2014 1.80E+00 P -4,29E+01 2.56E+00 4.81E+01
LB4110R - C3 Beta 11/24/2006 11/20/2014 1.17E+00 P -4,34E+01 2.36E+00 4.81E+01
L84110R - C4 Beta 11/24/2006 11/20/2014 1.35E+00 P -4.90E+01 2.72E+00 5.44E+01
LB4110R - D1 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.36E+01 | 5.31E4-00 5,43E401
.B4110R - D2 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.67E+01 1.79E+00 5.03E+01
1B4110R - D3 Beta 11/24/2006 11/1/2014 0.00E+0Q0 P -5.02E+01 | 5.2BE+00 6.07E+01
1.B4110R - D4 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.64E+01 2.13E+00 5.07E+01

LB5100 - 1 Beta 7/10/2006 10/26/2007 4.52E+00 F -3.19E-01 1.58E4+00 3.48E+00

Printed: 11/20/2014 6:54 AM
Page 1 of 1
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report

{ALL Efficiencies)

Printed: 11/20/2014 6:54 AM

Calibration Date

Detector Alpha/Beta Count Date Eff PFW LCL Mean ucCL
LB4110A - AL} Alpha 11/18/2007 11/20/2014 0.2297 P 0.0105 0.2188 0.4272
LB4110A - A2| Alpha 11/18/2007 11/20/2014 0.1995 P -0.0268 0.1787 0.3841
LB4110A - A3| Alpha 11/18/2007 11/20/2014 0.1970 P -0.0484 0.1697 0.3879
LB4110A - A4| Alpha 11/18/2007 11/20/2014 0.2300 p -0.0273 0.1903 0.4079
LB4110A - B1| Alpha 11/18/2007 11/20/2014 0.2175 P 0.1953 0.2235 0.2518
LB4110A - B2| Alpha 11/18/2007 11/20/2014 0.2011 P 0.1889 0.2189 0.2489
LB4110A - B3| Alpha 11/18/2007 11/20/2014 0.2369 P 0.1376 0.2326 0.3276
LB4110A - B4} Alpha 11/18/2007 11/20/2014 0.2107 W 0.2058 0.2343 0.2627
LB4110A - C1 Alpha 11/18/2007 11/20/2014 0.2133 P 0.1980 0.2200 0.2421
LB4110A - C2]| Alpha 11/18/2007 11/20/2014 0.2279 P 0.198% 0.2250 0.2510
LB4110A - C3| Alpha 11/18/2007 11/20/2014 0.2452 P 0.2242 0.2489 0.2735
LB4110A - C4| Alpha 11/18/2007 11/20/2014 0.2181 P 0.1982 0.2245 0.2517
LB4110A - D1} Alpha 11/18/2007 11/20/2014 0.2208 p 0.1797 0.2303 0.2809
LB4110A - D2] Alpha 11/18/2007 11/20/2014 0.2438 P 0.2017 0.2557 0.3097
LB4110A - D3| Alpha 11/18/2007 11/20/2014 0.2535 P 0.2054 0.2611 0.3168
LB4110A - D4| Alpha 11/18/2007 11/20/2014 0.1883 P 0.1488 0.1973 0.2458
LB4110R - Al] Alpha 11/24/2006 11/20/2014 0.2293 P 0.2002 0.2376 0.2751
LB4110R - A2] Alpha 11/24/2006 11/20/2014 : 0.2059 P 0.1847 0.2186 0.2524
LB4110R -~ A3| Alpha 11/24/2006 11/20/2014 - 0.2108 - P 0.1922 0.2230 0.2537
LB4110R - A4| Alpha 11/24/2006 11/20/2014 0.2412 p 0.2130 0,2445 0.2760
LB4110R - B1| Alpha 11/24/2006 11/20/2014 0.193%9 p 0.1703 0.2225 0.2746
LB4110R - B2| Alpha 11/24/2006 11/20/2014 0.1750 w 0.1671 0.2143 0.2615
LB4110R - B3| Alpha 11/24/2006 11/20/2014 0.2104 P 0.1970 0.2431 0.2892
LB4110R - B4} Alpha 11/24/2006 11/20/2014 0.1898 w 0.1800 0.2284 0.2768
LB4110R - C1]{ Alpha 11/24/2006 11/20/2014 6.2102 P 0.1795 0.2138 0.2481
LB4110R - C2| Alpha 11/24/2006 11/20/2014 0.2086 P 0.1898 0.2228 0.2558
LB4110R - C3| Alpha 11/24/2006 11/20/2014 0.2261 P 0.2033 0.2380 0.2727
L.B4110R - C4| Alpha 11/24/2006 11/20/2014 0.2029 P 0.1778 -0.2185 0.2611
LB4110R - D1 Alpha 11/24/2006 11/1/2014 0.0000 W -0.0281 0.1904 0.4089
LB4110R - D2| Alpha 11/24/2006 11/1/2014 0.0000 W -0.0314 0.2165 0.4644
LB4110R - D3| Alpha 11/24/2006 11/1/2014 0.0000 W -0.0308 0.2127 0.4562
LB4110R - D4| Alpha 11/24/2006 11/1/2014 0.0000 W -0.0260 0.1714 0.3689

LB5100 - 1 Alpha 7/10/2006 ' 10/26/2007 0.3368 P 0.3332 0.3455 0.3578

Page 1 of 1
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Eberline Analytical

Oak Ridge Laboratery

* @PC Detector Report

(ALL Efficiencies)

Printed: 11/20/:2014 6:54 AM

Detector Alpha/Beta Calibration Date Count Date Eff PFW LCL Mean ucL
LB4110A - Al| Beta 11/18/2007 11/20/2014 0.5638 P 0.2437 0.5629 0.8821
LB4110A - A2| Beta 11/18/2007 11/20/2014 0.4609 p 0.1919 0.4677 0.7435
LB4110A - A3| Beta 11/18/2007 11/20/2014 0.4851 ] 0.1279 0.4631 0.7984
LB4110A - A4| Beta 11/18/2007 11/20/2014 0.5729 p 0.1783 0.5028 0.8273
1B4110A - B1| Beta 11/18/2007 11/20/2014 0.5347 P 0.4666 0.5332 0.5999
LB4110A - B2| Beta 11/18/2007 11/20/2014 0.4993 p 0.4677 0.5272 0.5867
LB4110A - B3| Beta 11/18/2007 11/20/2014 0.5907 P 0.3372 0.5417 0.7462
LB4110A - B4| Beta 11/18/2007 11/20/2014 0.5402 P 0.4951 0.5558 0.6166
LB4110A - C1| Beta 11/18/2007 11/20/2014 0.5386 p 0.4367 0.5115 0.5863
LB4110A - C2| Beta 11/18/2007 11/20/2014 0.5585 p 0.3994 0.5159 0.6325
LB4110A - C3| Beta 11/18/2007 11/20/2014 0.6203 P 0.5258 0.5977 0.6697
LB4110A - C4| Beta 11/18/2007 11/20/2014 0.5711 p 0.4528 0.5329 0.6130
LB4110A - D1| Beta 11/18/2007 11/20/2014 0.7199 w 0.3874 0.5644 0.7414
LB4110A - D2| Beta 11/18/2007 11/20/2014 0.6741 p 0.4358 0.5914 0,7469
LB4110A - D3| Beta 11/18/2007 11/20/2014 0.6537 p 0.4806 0.6156 0.7506
LB4110A - D4] Beta 11/18/2007 11/20/2014 0.4874 P 0.3515 0.4714 0.5912
LB4110R - A1l| Beta 11/24/2006 11/20/2014 0.5674 P 0.4818 0.5701 0.6584
LB4110R - A2| Beta 11/24/2006 11/20/2014 0.5119 P 0.4235 0.5114 0.5993
LB4110R - A3| Beta 11/24/2006 11/20/2014 0.5285 p 0.4568 0.5386 0.6204
LB4110R - A4{ Beta 11/24/2006 11/20/2014 0.6097 P 0.5099 0.5952 0.6806
LB4110R - B1| Beta 11/24/2006 11/20/2014 ' 0.4657 P 0.4285 0.5394 0.6502
LB4110R - B2| Beta 11/24/2006 11/20/2014 0.4356 W 0.4119 0.5173 0.6227
LB4110R - B3| Beta 11/24/2006 11/20/2014 0.5298 P 0.4826 0.5958 0.7091
LB4110R - B4| Beta 11/24/2006 11/20/2014 0.4641 w 0.4431 0.5479 0.6527
LB4110R - C1| Beta 11/24/2006 11/20/2014 0.4935 P 0.4140 0.5016 0.5893
LB4110R - C2| Beta 11/24/2006 11/20/2014 0.5315 p 0.4337 0.5357 0.6376

{LB4110R - C3| Beta 11/24/2006 11/20/2014 0.5815 P 0.4821 0.5742 0.6663
LB4110R - C4| Beta 11/24/2006 11/20/2014 0.5229 p 0.4316 0.5258 0.6201
LB4110R - D1| Beta 11/24/2006 11/1/2014 0.0000 w -0.0678 0.4553 0.9785
LB4110R - D2| Beta 11/24/2006 11/1/2014 0.0000 | w -0.0756 0.5116 1.0989
LB4110R - D3| Beta 11/24/2006 11/1/2014 0.0000 W -0.0736 0.4969 1.0674
LB4110R - D4| ~ Beta 11/24/2006 11/1/2014 0.0000 w -0.0630 0.4090 0.8811

LB5100 - 1 Beta 7/10/2006 10/26/2007 0.4428 F 0.4555 0.4731 0.4906
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